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1. Mathematical model
Model equations

We developed two deterministic compartmental mathematical models, based on adaptation and
extension of the herpes simplex virus type 2 (HSV-2) transmission model in Reference [1], to
describe HSV-2 transmission dynamics in a population in presence of either a prophylactic
vaccine (Figure S1) or a therapeutic vaccine (Figure S2). The models were expressed in terms of
systems of coupled nonlinear differential equations that stratify the population into
compartments according to sex (males, females), age (20 5-year age classifications), sexual risk
group (5 sexual risk groups), HSV-2 status (uninfected, infected asymptomatic, infected
symptomatic), and stage of infection (primary, latent, infection reactivation), and vaccination

status (unvaccinated, vaccinated).

Figure S1. Schematic diagram describing the structure of the HSV-2 mathematical model

incorporating a prophylactic vaccine.
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The prophylactic HSV-2 vaccine model was expressed using the following equations:

Unvaccinated population:

dSad(ta,i) =p,(t.a)N, (i)+n(a-1)S,(a-Li)+e,(a,i)S, (a,i)—(n(a)+ya(a)+Aa(a,i)+yP(a,i))sa(a,i)

dt Do t)A, (ai)s, (ai)+n(a-1)15 (a-1i)- (7(2)+n, (a)+ )17, (1)
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d'sad(ta’i) =715, (ai)+n(a-1)15, (a-1i)~(n(a)+ , (a)+ )13, (a,i)

Vaccinated population:

dSZd(ta, i) =n(a-1)S, (a-1i)+7.(ai)s, (a,i)—(n(a)+ua (a)+(L-VE()A, (a,i)+&,(a,i))S) (ai)
dm;g i) =(1-VE,)(1- fs)A, (a,i)S) (a,i)+n(a-1) 1% (a—Li)—(n(a)+ u, (a)+m) 1 (ai)
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—dla’fg’dga,i) =13 (ai)+n(a-1)1, (a—l,i)—(n(a)+ﬂa(a)+7fs)|3A,\;¢V (ai)
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Figure S2. Schematic diagram describing the structure of the HSV-2 mathematical model

incorporating a therapeutic vaccine.
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The therapeutic HSV-2 vaccine model was expressed using the following equations:

ds, (a,i)
dt

=B, (t.a)N, (i)+n(a-1)S, (a-Li)—(n(a)+x, (a)+A,(ai))S,(ai)



dll',Aa (a’ I)
dt

=(1-f,)A, (ai)S, (ai)+n(a-1)1}, (a-Li)—(n(a)+ u,(a)+ =)L, (ai)

dl,', (a,i)

m =ml}, (ai)+n(a-1)1,, (a-Li)+z,ls, (ai)—(n(a)+u, (a)+ )15, (ai)

Beal @) 212 (@) +r(a-1)12 (a-1i)-(n(a)+ 4, (2)+2,) 12 (a,1)

d'fad(ta’i) = fA, (a0)S, (ai)+n(a-1)15, (a-Li)+& (ai) 3 (ai)—(n(a)+u, (a)+m+ 7 (ai)) 15, (ai)
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Vaccinated population:

di;) (ai)
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In order to accommodate the heterogeneity in the risk of exposure to HSV-2 infection, we
stratified the population by sex (a = male (m), female (f)), as well as 20 age groups (n, =20;
a=12,..,20; each representing a five-year age band: 0-4,5-9, ...,95-99), and five sexual

risk groups (n, =5; 1=1,2,...,5; indicating low to higher risk of HSV-2 exposure).



In each sex, age, and risk group, the population was further stratified into epidemiological

categories that comprise the HSV-2 susceptible populations S, (a,i), asymptomatic infected

populations 17, (a,i), and symptomatic infected populations 1}, (a,i). The index x defines the

stage of HSV-2 infection: primary infection (« =1), latent infection (« = 2), and infection
reactivation (« = 3). During primary infection and infection reactivation, individuals can shed

the virus and were assumed infectious. However, individuals in the latent infection stage were
assumed not infectious. The study investigated the impact of: 1) a prophylactic partially-
efficacious vaccine—only susceptible individuals are vaccinated (and progress through the
stages of asymptomatic or symptomatic infections if infected despite being vaccinated; Figure
S1), and 2) a therapeutic vaccine—only infected symptomatic individuals are vaccinated and the
vaccine clears their symptoms and makes their infection effectively asymptomatic (and progress

through the stages of asymptomatic infection; Figure S2).

Definitions of all symbols in the equations can be found in Table S1.

Table S1. Definitions of symbols in the equations of the mathematical models.

Symbol Definition

N, (i) Population size

S, (a,i) HSV-2 susceptible population

|1’fa (a, i) Asymptomatically infected and infectious population (HSV-2 primary infection)

| ;a (a,i) Asymptomatically and latently infected (non-shedding) population

| ;a (a, i) Asymptomatically infected and infectious population (HSV-2 infection reactivation)

|fa (a, i) Symptomatically infected and infectious population (HSV-2 primary infection)

| ;a (ai) Symptomatically and latently infected (non-shedding) population

| ;a (a, i) Symptomatically infected and infectious population (HSV-2 infection reactivation)

S! (a,i) Vaccinated HSV-2 susceptible population through the prophylactic vaccine

I (a,i) Vaccinated asymptomatically infected and infectious population (HSV-2 primary infection)

(o (a,i) Vaccinated asymptomatically and latently infected (non-shedding) population

|3/§,av (a, i) Vacc_inat_ed asymptomatically infected and infectious population (HSV-2 infection
reactivation)

|1§;ZV (ai) Vaccinated symptomatically infected and infectious population (HSV-2 primary infection)



| 25;/ (a, i) Vaccinated symptomatically and latently-infected (non-shedding) population

|SV ( a i) Vaccinated symptomatically infected and infectious population (HSV-2 infection
da AT reactivation)
B, (t.a) Population growth rate, where f3, (t,1)= 3, and 5, (t,a>1)=0
u,(a) Natural mortality rate
n(a) Transition rate from one age group to the next age group, where 77(a<0)=0 and
n(a>0)=n(a)
fe Proportion of infections that are symptomatic
A, (a,i) HSV-2 force of infection experienced by each susceptible S, (a,i) and S! (a,i) population
m Rate of progression from the primary to the latent stage (no or prophylactic vaccination)
7, Rate of progression from the latent to the reactivation stage (no or prophylactic vaccination)
T Rate of progression from the reactivation to the latent stage (no or prophylactic vaccination)
”1T Rate of progression from the primary to the latent stage (therapeutic vaccination)
Pl Rate of progression from the latent to the reactivation stage (therapeutic vaccination)
2
Pl Rate of progression from the latent to the reactivation stage (therapeutic vaccination)
3
e (a, |) Rate at which susceptible individuals are vaccinated with the prophylactic vaccine
e (a i) Rate at which vaccination immunity wanes for individuals who were vaccinated with the
PAT prophylactic vaccine
y (a i) Rate at which symptomatically infected individuals are vaccinated with the therapeutic
T vaccine
c (a i) Rate at which vaccination immunity wanes for symptomatically infected individuals who
T were vaccinated with the therapeutic vaccine
VE Proportional reduction in the susceptibility to infection upon vaccination with the
s prophylactic vaccine, relative to those unvaccinated
VE Proportional reduction in shedding frequency upon vaccination with the therapeutic vaccine,

relative to those unvaccinated

The transition of the population from one age group to the next age group was represented by the

transition rate 77 . The progression rates between the HSV-2 infection stages were described by

7,, 7, and z, in case of no-vaccination or in case of the introduction of a prophylactic vaccine,

and by 7z, , 7, and 7, in case of the introduction of a therapeutic vaccine.

The population growth rate ( £, ) was described using

B, (1)=by, )



Meanwhile, the natural mortality rate ( z, ) was described using

0,a

H, (t’ a) - [1+ e—(cg,a(a-%))}

These functions were chosen as they produced a robust fit of the population growth and age

structure in the United States (US) [2]. The demographic parameters b, ., b, b, ., ¢,,, €.\ C,,

, C;,.» and c, , were determined through model fitting [1].

The structure, subfunctions, and details of the HSV-2 force of infection A, (a,i) experienced by

each S, (a,i) and S; (a,i) susceptible population can be found in Reference [1].



2. Parameter values

Model parameters were based on current empirical data for HSV-2 natural history and

transmission, and for population sexual risk behavior. Table S2 provides a listing of these

parameters. Further details on the model parametrization can be found in Reference [1].

Table S2. Model assumptions in terms of parameter values.

Parameter Symbol Value Justification Sources
Transmission probability per o N
coital act in primary (x =1) and 0.01 aCnoqungggggisz ir;mi:l data [1.3]
reactivation (x = 3) stages
. 18.3% of the Direct measurement from a
HSV-2 shedding frequency d time prospective cohort study 4]
Frequency of HSV-2 P 15 per vear Direct measurement from a [4]
reactivations PeEry prospective cohort study
1 Representative assumption
Duration of primary infection v =— 20.0 days . [5]
, informed by data
1 Derived:
Duration of latency between two
L v, =— 1-
reactivations 2 7, 19.8 days v, = [—‘5} %365 [3.6]
X
1 Derived:
Duration of reactivation within
Uy =—
the cycle o, 4.4 days v, = (éj x 365 [3.6]
X
Degree of assortativeness for age Informed by infectious disease [1.7.8] and_
. 0.7 . representative
group mixing modeling works value
Degree of assortativeness for risk Informed by infectious disease [1.7.8] and_
.. 0.3 . representative
group mixing modeling works value
Proportion of infections that are f Informed by totality of i
symptomatic s 0.25 evidence from different studies [4,5,9-12]
Proportional reduction in the
susceptibility to infection upon VE 1000 Representative
vaccination, relative to those s 0-100% Explored values values
unvaccinated
Proportional reduction in the
frequency of shedding upon VE 0-100% Exolored values Representative
vaccination, relative to those P 0 P values
unvaccinated
Assumption informed by data
Duration of primary infection for =, _ i 20.0 davs and assuming vaccination does [5]
those vaccinated Yoo, v day not affect primary infection

duration




Derived:

Duration of latency between two _ 1
L, — - 1-(1-VE
reactivations for those vaccinated 2y Ty 19.9-24.3 days v, = [%}SGS [3.6]
1 Derived:
Duration of reactivation within 1-VE
U,y =—— .
the cycle for those vaccinated oo, 0-4.4 days v, = (w} 365 [3.6]
' X
- - 1 -
Dura_tlon of the_prophylactlc S 5-30 years Explored values Representative
vaccine protection & values
- - 1 -
Dura_tlon of the_therapeutlc 4 5-30 years Explored values Representative
vaccine protection & values

10



Figure S3. Impact of prophylactic HSV-2 vaccination administered to susceptible women aged
15-49 years (single-sex vaccination) on HSV-2 infection measures in the population aged >15
years. Impact of the prophylactic vaccine on (A) annual number of new HSV-2 infections, (B)
annual number of HSV-2 infections averted, (C) HSV-2 incidence rate, and (D) HSV-2
seroprevalence, among those aged 2 15 years. The prophylactic vaccine is introduced in 2020,
with its coverage scaled up to 80% by 2030, and maintained at this level thereafter. Duration of
vaccine-induced protection is 20 years and VEs is 50%.
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Figure S4. Impact of prophylactic HSV-2 vaccination administered to infants (infants’
vaccination) on HSV-2 infection measures in the population aged >15 years. Impact of the
prophylactic vaccine on (A) annual number of new HSV-2 infections, (B) annual number of
HSV-2 infections averted, (C) HSV-2 incidence rate, and (D) HSV-2 seroprevalence, among
those aged 215 years. The prophylactic vaccine is introduced in 2020, with its coverage scaled
up to 80% by 2030, and maintained at this level thereafter. Duration of vaccine-induced
protection is 30 years and VEs is 50%.
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Figure S5. Sensitivity analysis assessing the effectiveness of prophylactic and therapeutic
vaccination to a range of vaccine efficacies. Number of vaccinations needed to avert one
infection by 2050 at various levels of (A) prophylactic vaccine efficacy VEs, and (B) therapeutic
vaccine efficacy VEp. Vaccines are introduced in 2020, with their coverage scaled-up to 80% at
2030, and maintained at this level thereafter. Duration of vaccine-induced protection is 20 years
for the prophylactic vaccine and 10 years for the therapeutic vaccine.
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Figure S6. Sensitivity analysis assessing the effectiveness of prophylactic and therapeutic
vaccination to a range of vaccine-induced protection durations. Number of vaccinations needed
to avert one infection by 2050 at various levels of (A) prophylactic vaccine protection duration,
and (B) therapeutic vaccine protection duration. Vaccines are introduced in 2020, with their
coverage scaled-up to 80% at 2030, and maintained at this level thereafter. VEs is 50% and VEp
is 50%.
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Figure S7. Vaccine coverage of (A) the catch-up prophylactic vaccination scenario, and (B) the

therapeutic vaccination scenario.
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Figure S8. Impact of prophylactic HSV-2 vaccination administered to uninfected adults aged 15-
49 years (catch-up vaccination) on the reduction in the annual number of new HSV-2 infections
assuming different levels of vaccine coverage. Duration of vaccine-induced protection is 20
years and VEs is 50%.
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Figure S9. Uncertainty analysis. Model predictions for the mean number of vaccinations needed
to avert one infection, and associated 95% uncertainty interval (Ul), using (A) a prophylactic
vaccine, and (B) a therapeutic vaccine. Vaccines are introduced in 2020, with their coverage
scaled-up to 80% at 2030, and maintained at this level thereafter. VEs is 50% and VEp is 50%.
Duration of vaccine-induced protection is 20 years for the prophylactic vaccine and 10 years for
the therapeutic vaccine.
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