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GENERAL BACKGROUND KNOWLEDGE

Epidemic:
@ sudden occurrence of disease in a region above the level of normal
expectancy
e modeled with no demographic effects

e by demographics, we mean birth, death and migration

Endemic:
e constant presence of disease within a particular region

e modeled with demographic effects

Pandemic: world epidemic
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DEFINITION OF TECHNICAL TERMS

Basic reproduction number (R):

The average number of secondary infections caused by an average
infective.

Effective reproduction number (R.):

Often used whenever we incorporate factors aimed at controlling the
spread of disease into a model.

The final size relation:

Gives an estimate of the total number of infections and the epidemic
size for the period of the epidemic from the parameters in the model.

v

Direct transmission of diseases:

when diseases are transmitted from Host-Host
e.g. HIV, Syphilis.

v
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DEFINITION OF TECHNICAL TERMS (CONTINUE..

Indirect transmission of diseases:

when diseases are transmitted from Host-Source-Host

e.g. Chickenpox, Influenza, Measles, Smallpox, Tuberculosis.

)

Heterogeneous mixing:

mixing that exists between populations with different characteristics.

gbMSM:

Gay, bisexual and other men who have sex with men

Interventions:
@ TasP: Treatment as Prevention (HIV)
@ PrEP: Pre-exposure prophylaxis

@ ART: Antiretroviral therapy (the use of HIV medicines to treat
HIV infection)

4
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PART A: EpiDEMIC MODELS (PROJECT 1)

SIRP models with heterogeneous
mixing and indirect transmission
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PROJECT 1: BACKGROUND

¢ PREVIOUS RESEARCH:

JOURNAL OF BIOLOGICAL DYNAMICS, 2017 .
VOL.11,NO. 52, 285-293 e Ta‘yL(zl‘ &GFranus
https://doi.org/10.1080/17513758.2016.1207813 ayor & Francis Group

8 OPEN ACCESS M) Check for updates
A new epidemic model with indirect transmission

Fred Brauer

Department of Mathematics, University of British Columbia, Vancouver, Canada
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PROJECT 1: RESEARCH QUESTIONS

What is the impact of varying the pathogen shedding rate and
taking the age of infection into consideration?

What is the nature of the epidemic in an heterogeneous mizing
environment?

How worst is disease spread when we consider indirect
transmission pathway?

o What is the role of residence time on disease dynamics?
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PROJECT 1: HETEROGENEOUS MIXING AND INDIRECT

TRANSMISSION FOR SIMPLE SIRP EPIDEMIC MODEL

SIRP model:
Si = —ﬂlsl 5 Sé = —5252 ,
I = B1S1P — aly, Iy = B2S2 P — als,
R} = al; R, = al,

=71 +roly — 0 (P> = Pathogen, 71, ry = shedding rates)

Basic reproduction number: Ry = i R1 + 5o2Ro

1N N.
R1:T11 R2:T22

o o
Ro = secondary infections caused indirectly through the pathogen
shed by an infectious individual in I & Iy respectively.

The final size relation:

log 5; :&(721{1 _ Sljifjo)} +R2{1 _ 52;?)} +27P0), i=1,2.

v
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PROJECT 1: A TWO-GROUP AGE OF INFECTION
MODEL WITH HETEROGENEOUS MIXING
A1) & As(7) = mean infectivity at age of infection .

I'(1) = fraction of pathogen remaining T time units after having been
shed by an infectious individuals.

Basic reproduction number: Ry = i R1 + 5o2Ro
R1= 7"1N1/ ;"h(T)dT/ P(T)dT,
0 0

(e}

Ro = TQNQ/ As(T)dT /00 L(r)dr.

0 0
R1 & Ro = secondary infections caused indirectly through the
pathogen shed by an infectious individual in I & Is respectively.
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PrOJECT 1: A TWO-GROUP AGE OF INFECTION
MODEL WITH HETEROGENEOUS MIXING

A1) & As(7) = mean infectivity at age of infection .

I'(1) = fraction of pathogen remaining T time units after having been
shed by an infectious individuals.

Basic reproduction number: Rg = 51R1 + f2Ro

R —rlNl/ 411(:T)d7'/ I'(7)dr,
0 0

(e}

Ro :TQNQ/ Ag(f)dT/ L(r)dr.

0 0
R1 & Ro = secondary infections caused indirectly through the
pathogen shed by an infectious individual in I & Is respectively.

The final size relation:

S;

85 = (Rl ]+ Ref1- 7))

Ny — S1s0 & Ny — Sooo = often described in terms of the attack

rates/ratios ( ) and ( )
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PROJECT 1: VARIABLE PATHOGEN SHEDDING RATES
Basic reproduction number: Ry = 1R + 52R»
Ri=M [~ @i [ D)
OOO OOO
Ry = Ny / Qs (v)dv / T'(c)de
0 0

Q1(v) & o(v) = shedding rates.
I'(c) = proportion of viruses remaining for virus already shed ¢ time

units earlier.

The final size relation:

log 22 = gy (Ra[1 - =]+ Ro[1 - 7)),
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PROJECT 1: HETEROGENEOUS MIXING AND INDIRECT
TRANSMISSION WITH RESIDENCE TIME

2-Patch SIRP model with residence time:

(S = —B1p1151(p11P1 + po1 P) — Bap12Si (p12P1 + paaPa),

I1 = B1p11S1(p11P1 + p21 Ps) + Bap12S1 (pr2P1 + p2aPs) — al,
Rll = a-[h

L Pll = T1]1 — (5P1,

Sy = —B1p21S2(p11P1 + p21P2) — Bap22Sa(pr2Pr + paz P2),

[é = B1p21S2(p11 P1 + p21P2) + B2p22S2(p12P1 + p22Pe) — ala,

R/Q = QIQ,
le = 7‘2]2 - (5}327
v
Assumptions:

@ 35 > (1, with short term travel between the two patches.
o pi;(i,j =1,2) = fraction of contact made by patch i residents in
patch j.
e Each patch has p11 + p12 =1, po1 + p22 = 1.
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PROJECT 1: NUMERICAL SIMULATIONS

Assumptions:

e Each patch has p11 + p12 = 1, p21 + po2 = 1.

2-Patch SIRP model simulations:

Prevalence in patch 1 Prevalence in patch 2

80 =No movement X 140 =No movement X
=Half populations moving =Half populations moving
70! =All populations moving 10 =All populations moving

100

80

60

40

20

. Time (days) - NS B,Time (days)

(a) Infected individuals (I1) in patch 1.  (b) Infected individuals (I2) in patch 2.

FIGURE: Dynamics of I; and Iy when we vary pi11, P12, P21, P22-

v
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PART A: EPIDEMIC MODELS (PROJECT 2)

Coupled PDE-ODE model with indirect
transmission
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PROJECT 2: BACKGROUND & RESEARCH (QQUESTIONS

Airborne disease:

any disease caused by pathogens and transmitted through the air. E.g.
Chickenpox, Influenza, Measles, Smallpox, Tuberculosis.

Questions:
o Can we estimate the impact of diffusion using an ODE model?

o How worst is the epidemic with increase or decrease in the
diffusion rate?

o What is the effect of the patch location on the spread of infection?
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PROJECT 2: BACKGROUND & RESEARCH (QQUESTIONS

Submitted and under review:

Mathematical Biosciences and Engineering, 5(x): XXX—XXX

AIMS DOI:
Received: ...
Accepted: ...
http://www.aimspress.com/journal/ MBE Published: ...
Research article

A novel approach to modelling the spatial spread of airborne diseases: an
epidemic model with indirect transmission

Jummy F. David ! 2%, Sarafa A. Iyaniwura!*, Michael J. Ward ' and Fred Brauer '

1 Department of Mathematics, University of British Columbia, Vancouver, B.C., Canada.

2 Interdisciplinary Studies, University of British Columbia, Vancouver, B.C., Canada.
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PRrROJECT 2: MODEL FORMULATION

The spatio-temporal density of pathogens P(X,T) satisfies the partial
differential equation (PDE) given by

oP m
0,.P=0, Xed Dpo, P=—rT;, Xedy, j=1,...m,

Dimensional Parameters:

@ Dp > 0 denotes the diffusion rate of pathogens in the bulk region,

@ 0 the dimensional decay rate of pathogens,

@ 1, > 0 the dimensional shedding rate of pathogen by an infected

individual in the j* patch,

Q 0, the outward normal derivative on the boundary of the domain
Q.

v
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PRrROJECT 2: MODEL FORMULATION

The dynamics of the diffusing pathogens is coupled to the population

dynamics of the ;' patch using:

Integro-differential system of equations:

ds;
T =S [ (Pl s

dZ;
d_Jz = ﬂjsj/ (P/pe) dSx — a;Zj;
09
dR; .
v —a]l'], j=1....m,
EPIDEMIC & ENDEMIC MODELS JANUARY 16, 2020 18 / 56
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PROJECT 2: DIMENSIONLESS COUPLED MODEL

The dimensionless density of the pathogens P(z,t) satisfies

oP

“_ =DAP- P, t>0,
ot

O, P=10, €0 2meD0,, P=—0,lj,

x €, j=1,.

.o,m,

which is coupled to the dimensionless SIR dynamics of the j'™ patch

LSj = —ﬁij/ P dsg;
dt 2me 6er *

al;  B;9S;
dt e /BQEj Sz (b] 7
dR;

W:(ZSJI]’ j:1,...,m,

where 3;, 0; and ¢; are the dimensionless transmission, shedding and
recovery rates for the j* patch, respectively.
JuMMYy FUNKE DAvVID
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ProJecT 2: REDUCED ODE MODEL

In the limit D = Dy/v, v = —1/log(e), € < 1, where Dy = O(1), the
coupled PDE-ODE model is reduced to an ODE system.

Leading-order ODE model:

dp 1 &

- _ T

dt p+ ‘Q’;UJ 7

de O‘jIj .

= _B.9. =1...

de O'jIj .

—1 = 8,8,  p(t — ;I =1,...

dt B]S] (p()+27TDO> ¢] 7 J ) , 1,
dR;
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PROJECT 2: ONE-PATCH MODEL

Basic reproduction number: Ry =R, + Rp

 BN(0)o _ BN(0)o
Re="gia) 4 R = 55Dy

Ry & Rp = secondary infections contributed by indirect transmission
and diffusion respectively.

The final size relation:

logg—o:R*{l—%’}JrRD{l—%O}:R0{1—S§}.
[e.e]

JuMMY FUNKE DAvVID EPIDEMIC & ENDEMIC MODELS JANUARY 16, 2020 21 / 56




PROJECT 2: NUMERICAL SIMULATIONS (ONE-PATCH)

1
= =08
< = —Dp-300
% ] D, - 300 (ODE)
< o8
504
3 2oz
& &
0
3 o o5 1 15 2 25 3

(a) Reduced ODE (b) Coupled PDE-ODE

D, =01 —D-01
) —D,-2 = —op-2
=08 o =08 —D=-10
= —0,=10 = —Dp-300
T — o, -300 T o0, - 300 (00E)
<06 <06
504 504
Zo2 2oz
4 4
o o5 1 15 2 25 3 o o5 1 15 2 25 3
Time Time

(c) Reduced ODE (d) Coupled PDE-ODE
FIGURE: (a) & (b) ODE & coupled PDE-ODE with (S(0), 1(0), R(0)) = (249/250, 1/250,0) and
p(0) = P(0) = 0. (c) & (d) ODE & coupled PDE-ODE with (S(0), I(0), R(0)) = (249/250,1/250,0) and
p(0) = P(0) = 1.
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PROJECT 2: NUMERICAL SIMULATIONS (ONE-PATCH)

KO
25
2
15
1
05
0

FI1GURE: Surface plots of the basic reproduction number Rq with respect to the
diffusion rate of pathogens Dqy and transmission rate, and shedding rate. (a)
Dy and the transmission rate (8, while (b) Dy and the shedding rate o.

Surface plots:

w

Tranmission rate, 3
o o =4 ©
o - [N] w IS
o o R B NN W W A
w w w w
Shedding rate, o

0
0.5 05 2 4 6 8 10
D[l

(b)

v
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ProJecT 2: TWO-PATCH MODEL

Basic reproduction number: Ry = f1R1 + f2Ro

In the well-mized limit Dy > 1, the basic reproduction number R

for the two-patch model reduces to

R = B1N1(0)o1 n 52N2(0)U2.

$1|9] $2|9
N1(0)O‘1 NQ(O)O’Q
Ri=—-—,and Ry = — =
Lo S Te]

R1 & Ro = secondary infections contributed by patch 1 and 2
respectively.
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ProJecT 2: TWO-PATCH MODEL

Basic reproduction number: R7° = 1R + 52Ro

In the well-mized limit Dy > 1, the basic reproduction number R
for the two-patch model reduces to

B1N1(0)oq N BaN2(0)o2

R =
0 #1192 $2|9
N] (0)0’1 NQ(O)O’Q
Ri=-—"121 and Ry = 22
] 2T 5l

R1 & Ro = secondary infections contributed by patch 1 and 2
respectively.

The final size relation:

S o1N1(0) S1c0

o sllfo S il N1<0> = N2(0) 271r¢11D0{ N N11<0> )
S S200 o2 N2 (0) S200

o s:i = A(Rafr- N <o>}+ {1~ Nj(O) 2i¢22D0{ N N22<0> )
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PROJECT 2: TwWO-PATCH NUMERICAL SIMULATION

—o,-01
3
|—0, -05 03
08 D10 08
|—D0, - 300 z

09

o7

06 Zos

n of Infected, 1(t)
i

Zos Zos
Zos Z0a
=02 v, A =02

0 = o
(] 05 1 15 ) [ 1 5

(b) Patch 1 PDE-ODE

1 5

(¢) Patch 2 ODE (d) Patch 2 PDE-ODE
FIGURE: Patch 1 ((a) & (b)) and Patch 2 ((c) & (d)) with (S1(0), I1 (0), Ry (0)) = (299/300, 1/300, 0),
(S2(0), I2(0), R2(0)) = (250/250, 0, 0), and p(0) = 1 and P(0) = 1 for the diffusing pathogens.
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PART A: SUMMARY (PROJECTS 1& 2)

@ SIRP model was proposed

© The model explored the impact of age of infections, varying the
pathogen shedding rates and human mobility

@ The SIRP model in Project 1 was improved by proposing a coupled
PDE-ODE models which includes diffusion of pathogens

@ The coupled PDE-ODE model was reduced to an ODE system,
which was used to compute Ro and the final size relation
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PART A: SUMMARY (CONTINUE...)

Q@ PDE-ODE model numerically agreed with the reduced ODE

@ Both model predicted a decrease in the epidemic as the diffusion
rate of pathogens increases

@ Diffusion is important when modelling airborne diseases, and some
diseases may be difficult to control if overlooked

Q@ Individuals infected through indirect transmission medium in an
heterogeneous mizring populations, which had been omitted in some
other previous works is worth taking into account.
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PART A: FUTURE WORK (PROJECTS 1& 2)

Can we obtain more credible estimates of the final
epidemic sizes if we
e incorporate human mobility between patches?

e incorporate multiple class of hosts and sources in order to compare
disease spread among different populations and viruses.

v

Explore model behaviour when vaccination and treatment
are involved:

e reduce contact rates?
o lower Ro?

e decrease the final epidemic size?

Can we use this novel approach to model the dynamics of
mosquito-borne diseases (malaria, dengue, ...) where mosquitoes diffuse
in the air?

v
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PART B: ENDEMIC MODELS (PROJECT 3)

HIV /Syphilis co-interaction model
gbMSM
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PART B: ENDEMIC MODELS (PROJECT 3)

HIV /Syphilis co-interaction model
gbMSM

Background:
Q@ The population of gay, bisexual and other men who have sex with
men (gbMSM) remain the most affected by HIV infection in BC
@ Magjority of infectious syphilis cases (over 80% of all cases) in BC
were among gbMSM
@ Currently, TasP, Condom use, and PrEP have been highly effective
for HIV prevention and control in gbMSM

Q@ Similarly, Condom use, Test & Treat diagnosed cases of syphilis
have also been effective
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PROJECT 3: BACKGROUND

e PREVIOUS RESEARCH:
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ORIGINAL RESEARCH

Mathematical Analysis of the Transmission Dynamics
of HIV Syphilis Co-infection in the Presence of
Treatment for Syphilis

A.Nwankwo! - D. Okuonghae'
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PROJECT 3: BACKGROUND
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men

Jummy Funke David®"*, Viviane Dias Lima>?, Jielin Zhu®, Fred Brauer®

r, BC, Canada

ty of British Columbia, Vancou

V6T 122

® British Columbia Centre for Excellence in HIV/AIDS, St. Paul’s Hospital, Vancouver,
BC, Canada V6Z 1Y6
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PROJECT 3: RESEARCH QUESTIONS & POPULATION
Research question:
e How does syphilis epidemic affect HIV prevalence and vice versa?

o What is the impact of a change in transmission rate on disease
dynamics?

o Can we test and treat mono-infected individuals more to reduce
disease prevalences?
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PROJECT 3: RESEARCH QUESTIONS & POPULATION
Research question:
o How does syphilis epidemic affect HI'V prevalence and vice versa?

o What is the impact of a change in transmission rate on disease
dynamics?

o Can we test and treat mono-infected individuals more to reduce
disease prevalences?

Study population:
e Gay, bisexual and other men who have sex with men (gbMSM)

e Co-interaction of HIV and Syphilis

o Testing and treament
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ProJecT 3: HIV/SypPHILIS FLOW DIAGRAM

Ji4dyy

1+ dysy

p+ da

p+dasu

1L
JuMMY FUNKE DAvVID

EPIDEMIC & ENDEMIC MODELS

Force of infection associated with
HIV infection:

A A
A = ﬁH(UH‘Hil H+H]\2[USH+H3 SH)

Force of infection associated with
syphilis infection:

As = Bg (Is+¢1USH+q]5\2[ASH+¢3TSH)

JANUARY 16, 2020 32 / 56



ProJecT 3: HIV & SYPHILIS SUB-MODELS

4 Y
- (it ams.
dt
d(l,i/H =AuS— (p+dve +a1)Un,
dﬁlﬂ =oa1Up +uTy — (p+dan + p2)An,
de = p2An — (u+11)TH,
\ dt
Upg + k1A
where )\H = ﬁHuv
Nu
with total population given as Ny (t) = S(t) + Un(t) + Au(t) + Tu(t).
% =M +0o1ls = (u+ As)S,
dI
T: =AsS = (n+o1)ls,

1
As = ,BSN—S, with total population given as Ng(t) = S(¢) + Is(¢)
S
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PROJECT 3: EFFECTIVE REPRODUCTION NUMBER

HIV sub-model
Ren = By + Ba,
B
p+dug +a1)’
Broiki(p+v1)
(b +dun +ar) ((n+ 1) (1 + dan) + pp2)

BU:(

Ba =
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PROJECT 3: EFFECTIVE REPRODUCTION NUMBER

HIV sub-model
Rern = By + Ba,
B
p+dug +a1)’
Broiki(p+v1)
(k+dum + o) ((n+v1)(p+ dam) + pp2)

BU:(

By =

Syphilis sub-model

Bs

(n+o1)

o Mathematically, the product of the transmission of syphilis
infection and the rate that an infective progresses out of syphilis
class.

ReS =

@ Biologically, the number of syphilis infection produced by one
syphilis infective during the period of infectiousness when
introduced in a totally syphilis susceptible population.

v
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PROJECT 3: SENSITIVITY ANALYSES

Sensitivity analysis of R, :

SRR
3 T
[}
e, oo
o - - - hﬁ——_.— | e e
0 20 40 60 0 2 4 6 8
P2 04

FI1GURE: Impact of increasing testing rate oy, treatment rate po and rate of
increase in treatment failure vy on HIV reproduction number ..

Sensitivity analysis of R.g:

00 25 50 75 100

FIGURE: Impact of increasing testing and treatment rate o1 on syphilis

reproduction number R.q.
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ProJeECT 3: HIV-SYPHILIS CO-INTERACTION MODEL

@ Disease free equilibrium point (DFE):

Eo = (S0, los, Uow, Aow, Tor, Uosw, Aosw, TosH) =
(% 0,0,0,0,0, 0).

@ Effective reproduction Number: 7. = max{Rcgs, R 11}

© Endemic equilibrium point:
» By =(51,151,0,0,0,0,0,0), similar to HIV free equilibrium (EY),
» By =(52,0,Un2, An2, The,0,0,0), syphilis free equilibrium (E7;),

» B3 =(83,1s3,Uns, Ans, Ths, Usus, Asus, Tsus), HIV-syphilis
co-interaction equilibrium.
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PROJECT 3: NUMERICAL SIMULATIONS

25
[ Compartments
o 20- = HIV prevalence
- = Syphilis prevalence
S
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(b) Endemic equilibrium.

FIGURE: Number of HIV infected individuals (green) and syphilis infected
individuals (red), with different transmission rates and reproduction number:
Br =0.02,8s = 0.1, R. = 0.139 (left); B = 0.4, 8s = 5.0, R. = 2.780 (right)
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PROJECT 3: PREVALENCE OF HIV & SYPHILIS
INFECTIONS

c s
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8 3 [\
83000 €30000 [ N\
o B I = ~
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(a) HIV positive individuals (b) Syphilis positive individuals

FIGURE: Prevalence of HIV and syphilis with By = 0.4 and Bs = 5.0

(Reg =2.780 > 1,Res = 1.245 > 1, R, = 2.780 > 1). (a) The prevalence of
HIV with syphilis at the initial stage of the epidemic (blue dashed line) and

without syphilis (red solid line). (b) The prevalence of syphilis infection with
HIV at the initial stage of the epidemic (blue dashed line) and without HIV

(red solid line)
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PART B: ENDEMIC MODELS (PROJECT 4)

Assessing the combined impact of

interventions on HIV and syphilis

epidemics among gbMSM in BC: a
co-interaction model
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PART B: ENDEMIC MODELS (PROJECT 4)

Assessing the combined impact of

interventions on HIV and syphilis

epidemics among gbMSM in BC: a
co-interaction model

Objectives:

Q@ 7o assess how the combination of TasP, Condom use, PrEP, and
Test & Treat syphilis can be used to prevent/eliminate HIV and
syphilis epidemics among gbMSM in BC.

@ 7o assess the impact of PrEP on the HIV epidemic in BC.
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PROJECT 4: METHODS

HIV /syphilis flow diagram:
)\H

,u aF dUH o+ dAH
mAs 7)2)\5 73As N

V2
'YH

N H+dUSH M+dASH N
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PRrROJECT 4: METHODS

HIV /syphilis flow diagram:
- -
AH

o+ dUH Uy dAH
As mAs 7]2>\s 73As N
UsH ASH TSH

' /

N lH'dUSH p+dasg M

Modeling the force of HIV /syphilis infection:
Q \y=

Bia(1 — e€)(1— ) + (1 — O)pRp) Lt 1t + m2Usi + s As)
N
@ X5 = B5(1 - e6)(1 — ) + yRp) LS 1T5H + Gadsi & GuT5m)

v
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PRrROJECT 4: METHODS

Transmission parameters fitted and calibrated on:

e Public Health Agency of Canada (PHAC) estimates of HIV
incidence and Prevalence for gpMSM in BC),

o Annual HIV diagnoses from HIV Cascade of Care in British
Columbia Centre for Excellence in HIV/AIDS (BC-CfE), and

o Annual syphilis diagnoses from British Columbia Centre for
Disease Control

Assessed the impact of optimizing:
Q@ TasP

@ Test & Treat syphilis,

@ Condom use

Q PrEP
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PROJECT 4: METHODS & INTERVENTION SCENARIOS:
TasP:

o Status Quo: based on model calibration

o Intervention according to Low, Medium and High:

@ decreasing the time to HIV diagnosis
@ decreasing time to antiretroviral (ART) treatment
© increasing the time retained on ART

Test & Treat syphilis:
e Status Quo: based on model calibration

o Intervention according to Low, Medium and High:

@ decreasing the time from syphilis infection to treatment

PrEP:
e Status Quo: 4000

o Intervention: linearly increases to marimum PrEP uptake in 2028
according to Low: 5000; Medium: 7000; High: 10,000

V.
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PROJECT 4: METHODS & INTERVENTION SCENARIOS:

Condom use(%):
e Status Quo: 65

o Intervention: linearly increases to mazimum condom use in 2028
according to Low: 70; Medium: 75; High: 80
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PROJECT 4: METHODS & INTERVENTION SCENARIOS:

Condom use(%):
e Status Quo: 65

o Intervention: linearly increases to mazimum condom use in 2028
according to Low: 70; Medium: 75; High: 80

Impact of interventions at the end of 10 years measured
on:

HIV point prevalence, HIV and syphilis incident cases
All-cause mortality cases among PLWH

WHO threshold for disease elimination as a public health concern

© 00O

univariate sensitivity coefficients for HIV and syphilis incidence
changes under three PrEP uptake, TasP and Test & Treat
scenarios at the end of 2028

@ percent change in the number of cumulative HIV and syphilis
incident cases with respect to the Status Quo scenario from 2019
to 2028.
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PROJECT 4: MODEL OUTCOMES

WHO Threshold for Disease Elimination

a5
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3.88 = Medium

u High
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TasP  Test&Treat Treat  Condom Use syphilis, and Treat syphilis, Use syphilis, and ~ Treat, and
syphilis Syphvlls Condom Use and Condom PrEPUse  PrEP Use
use

HIV INCIDENCE PER 1000 SUSCEPTIBLE GBMSM

INTERVENTION SCENARIOS
F1GURE: HIV incidence rate under different intervention scenarios in
comparison to the WHO threshold for disease elimination as a public health

concern at the end of 2028
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PROJECT 4: MODEL OUTCOMES

WHO Threshold for Disease Elimination

30
HLow
— ¥ Medium
25 2468 247 u High

-
o

SYPHILIS INCIDENCE PER 1000 SUSCEPTIBLE GBMSM

23.39 13-51%2
76
212
2021
20
.13
.67
.43
1427 14.02 .02 1439 1415
123 1214
0
5 47 43 58 55
a1 .43
25 26 7o o6 31 32
o

StatusQuoin Combined ~ Combined CondomUse TasP,and ~ TasPand Test&Treat TasP,Test& PrePUse TasPand PrEP Test& Treat TasP, Test &

2028 TasP Test&Treat Test & Treat Condom Use syphilis, and Treat syphilis, Use  syphilis, and Treat, and
syphilis syphilis Condom Use and Condom PrEPUse  PrEP Use
Use

INTERVENTION SCENARIOS
FIGURE: Syphilis incidence rate under different intervention scenarios in
comparison to the WHO threshold for disease elimination as a public health

concern at the end of 2028 - - _
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PAPER 4: MODEL OUTCOMES

Reduction in HIV point prevalence, the cumulative number
of HIV incident cases, and all-cause mortality cases among
PLWH (left), and the cumulative number of syphilis incident
cases (right), among gbMSM after 10 years of TasP, PrEP,
condom use, and Test & Treat (syphilis) interventions

HIV Prevalence All-cause Mortality Syphilis Incidence Syphilis Incidence (HIV-)
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PROJECT 4: SENSITIVITY ANALYSIS (HIV
INCIDENCE)

Time from HIV infection
to diagnosis 1/a; (3.37 yr.)

Higher risk of HIV transmission
coinfected aware r; (2.0)

Higher risk of HIV transmission
coinfected unaware #, (2.0)

Higher risk of HIV transmission
monoinfected aware , (1.0)

Time to treatment drop out
monoinfected 1/i (2.72 yr.)

Proportion of condoms
€ (65%)

Effectiveness of condoms
£(70%)

Time to ART initiation
monoinfected 1/p, (4.61 mo.)

Transmission rate, syphilis
infection 3. (0.234)

Transmission rate, HIV
infection 3, (0.195)

-10

H
-5 5 10
Negative association Positive association

I 5000 individuals on PrEP
I 7000 individuals on PrEP

[ 10000 individuals on PrEP
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PROJECT 4: SENSITIVITY ANALYSIS (SYPHILIS
INCIDENCE)

Relative risk of acquiring/transmitting
syphilis i, (1.24)

Higher risk of syphilis acquisition
monoinfected on treatment 1 (2.237)

Higher risk of syphilis acquisition
monoinfected aware 7, (2.237)

Higher risk of syphilis acquisition
monoinfected unaware 7, (2.237)

Higher risk of syphilis transmission
coinfected on treatment ¢; (2.867)

Higher risk of syphilis transmission
coinfected aware ¢, (2.867)

Higher risk of syphilis transmission
coinfected unaware o, (2.867)

Proportion of condoms
< (65%)

Effectiveness of condoms
£(70%)

Transmission rate, syphilis
infection 3 (0.234)

-15
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PROJECT 4: SENSITIVITY ANALYSIS

Sensitivity analysis for the parameters with the most
uncertainty based on the available literature. Left: Percent
change in the cumulative number of HIV incident cases in
comparison to the Status Quo at the end of 2028; Right:
Percent change in the cumulative number of syphilis incident
cases in comparison to the Status Quo at the end of 2028

JuMMY FUNKE DAvVID

Increase in HIV incidence  Decrease in HIV incidence

EPIDEMIC & ENDEMIC MODELS

Time from HIV infection 5yr Higher risk of HIV transmission 4.0

to diagnosis 1/, (3.37 yr) " 3g. coinfected aware r; (2.0) 10
Higher risk of HIV transmission 20 Higher risk of HIV transmission 4.0

coinfected aware r; (2.0) 1.0 coinfected unaware x, (2.0) 1.0: .

Higher risk of HIV transmission 4.0 Higher risk of HIV transmission 2.0
coinfected unaware s (2.0) 10 monoinfected aware x, (1.0) 08

Higher risk of HIV transmission 2.0 Proportion of condoms 95%.

monoinfected aware #, (1.0) 0.8 € (65%) 35%.

Time to treatment drop out 10 yr. Effectiveness of condoms 95%.
coinfected 1/, (2.72 yr.) 18.0 mo. £(70%) 55%.

Proportion of condoms 95% Time to ART initiation 14.0 dy.

€ (65%) 35%. coinfected 1/p, (4.61mo.) 7 mo

Effectiveness of condoms  95%. Transmission rate, syphilis 035
£(70%) 55%. infection 35 (0.234) 0.15

Time to ART initiation 14.0 dy. Transmission rate, HIV 0.25
coinfected 1/p, (4.61 mo.) 7 mo. infection 3 (0.195) 0.05
Transmission rate, HIV 0.25 Natural mortality rate 0.005/PY
infection A (0.195) 0.05 i 1 (0.0084 per PY) 0.015/py

25% 0% 25% 25% 0% 25%

Increase in syphilis incidence Decrease in syphilis incidence
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PART B: SuMMARY (PROJECTS 3&4)

Analytical & numerical results:

o disease-free equilibra are locally and globally asymptotically stable
whenever 7. (i.e Res & Rer)< 1.

e endemic equilibra are locally and globally asymptotically stable
whenever 7. (i.e Res & Rep)>1 .

e Stable HIV free endemic equilibra whenever R.g > 1 & R.py < 1.

e Stable syphilis free endemic equilibra whenever
Res <1 & Ropp >1.
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PART B: SuMMARY (PROJECTS 3&4)

Analytical & numerical results:

disease-free equilibra are locally and globally asymptotically stable
whenever 7. (i.e Res & Rer)< 1.

endemic equilibra are locally and globally asymptotically stable
whenever 7. (i.e Res & Rep)>1 .

Stable HIV free endemic equilibra whenever R.g > 1 & Ry < 1.

Stable syphilis free endemic equilibra whenever
Res <1 & Ropp >1.

increasing o decreases Reg below unity (possiblity of eradicating
syphilis among mono-infected individuals).

increasing ps, a1, 1 decreases .7, but not below unity.

HIV infection increases syphilis prevalence and vice versa (one of
the possible ways).
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PART B: SuMMARY (PROJECTS 3&4)

Q@ Optimizing TasP or combining TasP with any other interventions
to at least the medium scenario significantly reduced the HIV
incidence, and elimination of HIV disease was possible.

© Optimizing Test & Treat syphilis, and increased proportion of
condom use with or without TasP to the high scenario reduced the
syphilis incidence, and elimination of syphilis was possible.

@ Optimizing TasP, Test & Treat syphilis, combined with condom
use resulted in HIV & syphilis incident rate as low as 0.11 & 0.86
respectively and elimination of both diseases was possible.

@ Only TasP significantly decreased mortality while PrEP increased
syphilis incidence by about 5%.
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PART B: CoNCLUSIONS (PROJECTS 3&4)

Q@ Optimizing TasP, through promotion of timely HIV diagnosis,
treatment initiation and higher retention, or combined with
improving time from syphilis infection to treatment and the
distribution of PrEP was the most successful strateqy to control the
HIV epidemic.

@Q Optimizing Test & Treat syphilis, and increased condom use was
the most successful strategy to control the syphilis epidemic.

@ Flrequent testing for syphilis and other STIs, particularly among
gbMSM wusing PrEP should be prioritized to control the syphilis
epidemic.

@ Consistent use of condoms should continue to be encouraged and
promoted to simultaneously reduce HIV and syphilis transmission.
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PART B: FUTURE WORK (PROJECTS 3&4)

@ Expand the model to adjust for age and risk level:

» how do individuals in each age and risk group contribute to disease
spread?

» what proportion of infected individuals in each age and risk group
do we need to treat more?

@ If we have range of data and parameters, can we construct
confidence intervals for our model outcomes?

» Bootstrap method
» Monte carlo filtering method

@ If we have enough information about the prior, can we use this to
inform the posterior?

» Bayesian approach
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SUMMARY OF MAIN CONTRIBUTIONS

Different infectious disease models with possible elimination
strategies:

Indirect transmission models (epidemic models):

Q epidemic models with heterogeneous mixing & indirect
transmission,

@ the epidemic model designed using a coupled PDE-ODE system

Direct transmission models (endemic models)
Q the co-interaction model of HIV and syphilis infections,

@ HIV/Syphilis co-interaction model modified to assess the impact of
different interventions in BC.
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CONCLUSIONS:

With my convincing story of innovation trends:

Q [ consider myself an astonishing innovator.

@ My innovative strategies to eliminating epidemic and endemic
diseases through direct and indirect transmission pathways are

computationally cheaper compared to other existing PDE models,

richer and better compared to other existing ODE models.
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