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Further methods

Model demography and infection

The model was stratified by sex (k=1: females; k=2: males), age (a=1: 13 years; a=2: 14 years; a=3:
15-16 years; a=4: 17-18 years; a=5: 19-24 years; a=6: 25-64 years), sexual activity (defined as 0 [j=0],
1 [j=1], 2-3, [j=2] and 4+ [j=3] opposite-sex sexual partners per year), gonorrhoea infection status (X:
susceptible; Y: infected) and vaccination status (v=1: never vaccinated; v=2: currently protected by
vaccination; v=3: waned vaccine protection). Individuals enter the model at age 13 years at rate p,
and exit at age 65 years at a rate y set to maintain a constant population. For computational reasons
the model was defined with a model population per age class corresponding to the number of years
spent in that age class; model populations were applied to population numbers to calculate numbers
of individuals as needed as an output. It was assumed that all individuals entering the model are
susceptible to gonorrhoea infection, i.e., no individuals experience gonorrhoea infection before age
13 years. Recovered individuals move back into the susceptible model compartment: it was assumed
that previous infection affords no immunity against reinfection. Treatment was not explicitly
modelled: the duration of infection was assumed to be an average over all infections for each sex,
whether treated or untreated, symptomatic or asymptomatic.

Sexual behaviour

Individuals enter one of the four sexual activity classes on model entry, and can move between sexual
activity classes as they age. The percentage of individuals in each of the four sexual activity classes by
age, pq,j, and the corresponding mean number of opposite-sex sexual partners per year for j=2 and
j=3 (j=0 and j=1 simply have 0 partners and 1 partner, respectively), ¢, ;, were informed by data for
England from the 3rd National Survey of Sexual Attitudes and Lifestyles (Natsal-3). We used data from
11,357 individuals aged 16-64 years surveyed between 2010-2012 to directly inform p, ; and ¢, ; for
a=4-6 (i.e., 17-64 year olds). We applied data for 16 year olds to the 15-16 year old age class (a=3).
Model values for p, ; were kept the same between 13 and 14 year olds, while model values for ¢, ;
were allowed to vary. We used data on age at first sex for 19-24 year olds to inform p, ; for j=0 for 13
and 14 year olds. The distribution of sexually-active 13 and 14 year olds in j=1, j=2 and j=3 was then
informed by data on the relative percentage of 15-16 year olds in each of these activity classes. Sexual
behaviour parameters were assumed to be the same for women and men in order to balance the total
number of partnerships.

Since 13 and 14 year olds were assumed to have the same values of p, ;, there was no movement
between sexual activity classes as individuals aged from 13 to 14 years. Data from Natsal 1-3(1) show
adecrease in the percentage of individuals with no sexual partners with age across all ages, an increase
in the percentage of individuals with one sexual partner with age across all ages, an increase in the
percentage of individuals in j=2 and j=3 up to age 18 years, no clear pattern for the change in the



percentage of individuals in j=2 and j=3 for 19-24 year olds, and a decrease in the percentage of
individuals in j=2 and j=3 for 25-64 year olds. Given these patterns, sampled parameter sets for the
percentage of individuals within each sexual activity class by age were either accepted or rejected
using the following set of rules:

1. Ageing from a=2 to a=3: Reject if any of the following occur:
® P30 > P20
® pP31<pP21
® P32 <PpP22
® pP33<pP23
2. Ageing from a=3 to a=4: Reject if any of the following occur:
®  Papo > P30
® P41 <P31
® Pa2<P32
® P43 <PpP33
3. Ageing from a=4 to a=5: Reject if any of the following occur:
® P50 > Pao
® P51 <P41
4. Ageing from a=5 to a=6: Reject if any of the following occur:
® P60 > Pso
® Ps1<Ps1
® P62 > Ps2
® P63 > Ps3

We also constrained p, o so that the percentages summed to 100% for each age class as the
percentages when summed cannot be greater than 100%. Movement between sexual activity classes
with age was then defined as follows. Individuals stayed within their activity class where possible.
Where there was net loss with ageing for only one sexual activity class (here, because of the above,
only possible for j=0), the net loss was simulated simply by distributing lost individuals to the other
classes. Where there was net gain with ageing for only one sexual activity class (here, because of the
above, only possible for j=1), the net gain was simulated simply by taking individuals from the other
classes. Where there was net gain or loss for j=2 and the opposite for j=3, the net gain was simulated
by taking individuals preferentially from j=2 or j=3 as appropriate, and the remaining gains fulfilled by
taking the individuals from j=0.

The equations for ageing were therefore as follows (shown for susceptible individuals, X ; an
equivalent set of equations were used for infected individuals, Y):

Equation 1: ageing X, ; = —a; X}, ;

Equation 2: ageing Xy, ; = a; Xy, — a2 Xy,

Equation 3a: ageing_X,’(’S,O = 0‘2X11c7,2,o + (az * (P3,o - Pz,o)/Pz,o * X;c],z,o) - a3X11c7,3,o
Equation 3b: ageing Xy ;13 = apXP,1 5+ (@ * (p31-3 = P2,1-3)/P20 * Xk 20) — azXy s
Equation 4a: ageing Xy ,o = a3X{z+ (a3 * (pao — ,03,0)/,03,0 * X}ég,o) — a4 Xi 40

Equation 4b: ageing X ., 3 = a3Xp3, 5+ (3 * (Pa1-3 — P31-3)/P30 * Xiesp) — s Xica,j



If ps, < psarand ps3 > py3 (net gain in j=3 and net loss in j=2; j=3 will fill preferentially from j=2)
then:

Equation 5a: ageing Xy s, = a4 Xi a0+ (a4 * (P50 — Pa0)/Pao * XFao) — @sXiso

Equation 5b: ageing Xy o1 = ayXp 41 + (as * MIN[(pap — ps0), (P51 — Pa1)1/Pao * Xiao) +
(054 * ([Ps,l - ,04,1] - MIN[(P4,0 - Ps,o)' (Ps,l - P4,1)])/P4,2 * X;c],4,z) - aSX;c],S,l

Equation 5¢: ageing X{s, = asXiaz + (@4 * (052 = Pa2)/Paz * XPa2) — asXi s,

Equation 5d: ageing Xy s = ayXi 43 + (g * MIN[(pa2 — ps2), (P53 — Pa3)]/Paz * Xiaz) +
(0»’4 * ([ps3 — pasz] — MIN[(P4,2 - .05,2): (.05,3 - P4,3)])/.04,0 * YI;]A,O) - “5X11c],5,3

If ps, < pazand ps3 < py3 (netlossinj=2 and j=3; both will fill into j=1) then:
Equation 5e: ageing X s o,2-3 = @aXgaj + (@4 * (Ps,j = pa,j)/Paj * Xicwj) — s X5 j

Equation 5f: ageing Xy o1 = ayXP 41 + (as * (P51 — pa1)/ (1 — pa1) * KR ao + XPao +
X11c7,4,3)) - a5X11c7,5,1

If ps, > par and ps3 > py 3 (net gainin j=2 and j=3; both will fill from j=0) then:
Equation 5g: ageing X¥so = asXFa0+ (2 * (P50 = Pa0)/Pao * Xia0) = @sXi s

Equation 5h: ageing X{s, 3 = auX{s1 3+ (s * (ps1-3 = Pa1-3)/Pao * Xicap) — ¥sXis

If ps2» > psapand ps3 < py3 (net gain in j=2 and net loss in j=3; j=2 will fill preferentially from j=3)
then:

Equation 5i: ageing Xi s o = auXy 40 + (as * (P50 = Pa0)/Pao * X ap) — @sXi s

Equation 5j: ageing X/ s, = ayXi/41 + (ay * MIN[(pao — .05,0): (ps1— .04,1)]/.04,0 * X;c],4,o) +
(0»’4 * ([ps1 — pa1] — MIN[(P4,0 - .05,0): (.05,1 - P4,1)])/.04,3 * Xllc],4,3) - “5Xg,5,1

Equation 5k: ageing Xi s, = ayXP .o+ (ay * MIN[(py3 — ps3), (P52 — Pa2)1/Paz * XEas) +
(0»’4 * ([ps2 — paz2] — MIN[(P4,3 - .05,3): (.05,2 - P4,2)])/.04,0 * XI?A,O) - aSX,’(’,S_Z

Equation 5I: ageing X\ 53 = a,Xp 43+ (a4 * (P53 — pa3)/paz * XPas) — @sXis3

Equation 6a: ageing Xy ¢, = asX{s: + (as * (ps1 — ps,1)/ (1= ps1) * (X¥s0 + Xis2 +
Xllc],s,3)) - a6X11c],6,1
Equation 6b: ageing_X,’(”6,0;2_3 = 0‘5X11c7,5,0;2—3 + (“5 * (Pe,j - Ps,j)/Ps.j * X;c],s,j) - a6X11c],6,0;j

We assumed mostly assortative mixing with respect to age with some mixing with other age classes
(2, 3), grouping the age classes 13, 14, 15-16 and 17-18 years together for the purposes for assortative
age mixing, and mostly random (proportionate) mixing with respect to sexual activity class with some



assortative mixing within a class(4). The patterns of mixing by age and sexual activity class were
defined by mixing matrices that balanced the “supply and demand” of partnerships. Individuals who
were not currently sexually active (i.e., in class j=0) did not contribute to sexual mixing by definition.
Condom use and its effect on transmission were not explicitly modelled; however, the transmission
probability per partnership is an average that will account for this. We also included a proportionate
reduction in transmission among 25-64 year olds (calibrated), assuming a reduction in partner change
rates in this age group that is not fully captured by differences in the number of partners by age (e.g.,
one partner per year could be one new partner each year or the same partner over many years).

Imported infections were assumed to be in the (male) j=3 sexual activity class and distributed by
vaccination status according to the percentage currently in each vaccination compartment.

Gonorrhoea vaccination

Vaccination was assumed to protect against acquisition of infection according to the vaccine efficacy.
Vaccine efficacy can be defined by both degree and take. Vaccine take is the percentage of vaccinated
individuals who develop an adequate immune response (i.e., are effectively vaccinated) that can
protect them fully or partially against infection. The degree of protection is the proportionate
reduction in the transmission probability per partnership to those individuals who respond to the
vaccine (i.e., a proportionate reduction in infection acquisition among vaccinated individuals). In trials,
it is generally not possible to differentiate between degree and take. Therefore, we did not distinguish
between degree and take in the model, but instead, upon vaccination, moved all vaccinated
individuals to the currently protected by vaccination model compartment. Vaccination was modelled
using a pulse function, which moves all vaccinated individuals at the specified age from the never
vaccinated compartment to the currently protected by vaccination compartment at the same time,
rather than as an applied rate over the entire year. Within the currently protected by vaccination
compartment an average reduction in the transmission probability per partnership was applied to all
vaccinated individuals. This average reduction equated to the vaccine efficacy as measured in trials. It
was assumed that vaccination affords no protection against duration of infection in breakthrough
infections (which are possible in any scenario where vaccine efficacy is less than 100%), nor against
infectivity of vaccinated individuals who acquire infection. Individuals can lose vaccine induced
protection over time and as a result move into the waned vaccine protection compartment; the rate
of movement assumes an exponential decline in protection based on the average duration of
protection. In this compartment, individuals were assumed to have the same probability of
gonorrhoea acquisition as those never vaccinated. Individuals remain in the waned vaccine protection
for the remainder of their time in the model except for booster scenarios.

Booster vaccination was simulated by moving individuals out of the waned vaccine protection
compartment into the currently protected by vaccination model compartment. In practice, individuals
in the currently protected by vaccination model compartment would also receive the booster (as
booster vaccination would be given to any individual previously vaccinated). In the model, such
individuals simply remain in the currently protected model compartment. It was assumed that booster
vaccination has no effect on the degree or duration of the existing protection of individuals in the
currently protected model compartment, i.e., “boosted” individuals already protected by vaccination
exit into the waned vaccine protection model compartment at the same rate as individuals who do
not receive a booster and the vaccine efficacy does not change. Boosting only begins when those who
were the first cohort to receive vaccination reach the age individuals are first eligible to be boosted
(19 years; year 2023).

The proportion of individuals susceptible to gonorrhoea at time t is denoted by
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Xlici,a,j (t)

where k denotes sex (k=1: females; k=2: males), a denotes age (a=1: 13 years; a=2: 14 years; a=3:
15-16 years; a=4: 17-18 years; a=5: 19-24 years; a=6: 25-64 years), j denotes sexual activity class in
terms of numbers of opposite-sex sexual partners per year (j=0: 0; j=1: 1; j=2: 2-3; j=3: 4+) and v
denotes vaccination status (v=1: never vaccinated; v=2: currently protected by vaccination; v=3:
waned vaccine protection).

Similarly, the proportion of individuals currently infected with gonorrhoea at time t is denoted by
Y a,; (0

Susceptible, never vaccinated

Xm%,a,j(t)

Equation 7a: —"— = ageing Xy q; + HaPaj — A,lc,a,jX,%’a,j(t) + 6kYkl,a,j (t) — <p(11X,%,a’j -

( Yiaj ) Ixaj
(ylcl,a.j+chz,a,j+ch3,a,j) Nk,a,j
where ageing_X,’(’,a,j is the net change due to ageing, u, denotes the rate of model entry, Pa,j

denotes the percentage of individuals in each sexual activity class, A’,;a,j denotes the force of

(gonorrhoea) infection, §; denotes the rate of recovery from infection, ¢l denotes the cohort or
catch-up vaccination uptake, I o ; represents imported infections (among bisexual men into j=3
sexual activity class) and Ny o ; denotes the total number of individuals.

Susceptible, currently protected by vaccination

. dXjt g (0 . v 2 2 2 s "X
Equation 7b: — o ageing Xy a; — A jXia,j(€) + 6k¥ia () — wXi o + 0 Xkaj+
w3X3 ( Ykz”—j ) Tk aj

. — — * —
ak,a,j VeajtYieajtVea)) Nkaj

where w is the rate at which vaccine protection wanes and 2 is the booster vaccination uptake.
Susceptible, waned vaccine protection

Xm?,a,j(t)

Equation 7c: T

= ageing_X,’(”alj—Ai,a,jX,ia’j (t) + 5kYk3,a,j(t) + wX,f_a_j - 1/J2X1§,a,j -

3
( Yia,j )* Ik,a,j
(y,éa_j+y,§,a_j+y,§,a_j) Nia,j
Infected, never vaccinated

AV g ; (1)

Equation 8a: 0

= ageing Yo + MNea i Xiaj() = 8iYia;(©) — 0lVia; +

1
( Yia,j ) o Jkaj
VeajtYeaj Yiea, ) Nia,j
where ageing_Y,:fa,j is the net change due to ageing.

Infected, currently protected by vaccination

. Y q,;(0) . v 2 y2 2 z Y
Equation 8b: — — = ageing Yio,j + Ajc.q,jXica,i(t) = OiVia,j(t) — w¥iqj + @, Veq; +
lp3y3 , +( Ykz'a'j ) * la)

a k@ T\ (vt A2, Ve D) Niaj

Infected, waned vaccine protection



dylia,j(t)

. . _ - v 3 3 _ 3 2
Equation 8c: = ageing Y¢o ; + A jXia,j (1) = 0¥ j(O) + wYiy
WY .+( Via) )* laj

k@It AR YR )] Niaj

Force of gonorrhoea infection

The force of infection, l%,a,,» is defined as follows

Y1
. k'dl
Equation 9: A} ; ; = Bi(1 — 0)cqj Xio1 X1 Caaj (—Nk’ dl)

where Sy, is the transmission probability per partnership per year, 87 is the average proportionate
reduction in the transmission probability per partnership as a consequence of vaccination, ¢, j is the
annual number of VI sexual partners (assumed to be the same for both women and men), and

Y, 1
2?=123=1 Caaji (ﬁ) is the weighted prevalence of infection among partners of opposite sex k'

of age class d and in sexual activity class [ (I=1, [=2 and [=3 only). Sexual mixing with opposite-sex
partners by age and sexual activity class is defined by the mixing matrix {; 4 j; (which againis the same
for women and men). This in turn is the product of the mixing matrix {, 4 which defines mixing by age
class, and mixing matrix {;; which defines mixing by sexual activity class.

The mixing matrix (g 4 is given by

Equation 10: {, ; = <(1 - sl)M + €1Uad>

' Xi=123=1CdNaL
where g is the degree of assortative mixing for mixing by age class (2, 3) if 1 represents fully
assortative mixing and 0 represents fully random (proportionate) mixing, and g, is the identity matrix
such that g, = 1 fora = d and g,; = 0 when a # d. Defining the mixing matrix as above means
that mixing takes into account differences in population numbers by age.

Similarly, the mixing matrix {;; is given by

6
Equation 11: ;, = <(1 &) Z?idzzéffi:fi\l/dz * EZGﬂ)

where ¢, is the degree of assortative mixing for mixing by sexual activity class (2, 4).

For a list of parameter symbols and descriptions please refer to Table S1. For calibration and validation
data please refer to Table S2.

The model was coded and analysed using R v.3.5.1, and the model ODEs were solved using deSolve
(packages ode and default integrator Isoda). The time step used was one month. Ageing was done at
the start of each calendar year. Vaccination (cohort, catch-up or booster) was done halfway through
each calendar year. At all other timesteps waning vaccination protection occurred at a rate adjusted
to account for the fact that waning did not occur when either ageing or vaccination occurred.

Model analysis
We modelled the following vaccination scenarios:

Cohort adolescent vaccination of 14 year olds:
Vaccine efficacy 20%; vaccine uptake 75% [S1]



Vaccine efficacy 31%; vaccine uptake 75% [D]

Vaccine efficacy 50%; vaccine uptake 75% [S2]

Vaccine efficacy 20%; vaccine uptake 85% [F]

Vaccine efficacy 31%; vaccine uptake 85% [Main Scenario, A]
Vaccine efficacy 50%; vaccine uptake 85% [G]

Vaccine efficacy 20%; vaccine uptake 95% [S3]

Vaccine efficacy 31%; vaccine uptake 95% [E]

Vaccine efficacy 50%; vaccine uptake 95% [S4]

Cohort adolescent vaccination of 14 year olds (vaccine uptake 85%) plus one-off catch-up for 15-18
year olds:

Vaccine efficacy 20%; vaccine uptake for catch-up 30% [S5]
Vaccine efficacy 31%; vaccine uptake for catch-up 30% [S6]
Vaccine efficacy 50%; vaccine uptake for catch-up 30% [S7]
Vaccine efficacy 20%; vaccine uptake for catch-up 40% [S8]
Vaccine efficacy 31%; vaccine uptake for catch-up 40% [B]
Vaccine efficacy 50%; vaccine uptake for catch-up 40% [S9]
Vaccine efficacy 20%,; vaccine uptake for catch-up 50% [S10]
Vaccine efficacy 31%,; vaccine uptake for catch-up 50% [S11]
Vaccine efficacy 50%; vaccine uptake for catch-up 50% [S12]

Cohort adolescent vaccination of 14 year olds (vaccine uptake 85%) plus booster:
Vaccine efficacy 20%; vaccine uptake for booster 30% [S13]

Vaccine efficacy 31%; vaccine uptake for booster 30% [S14]

Vaccine efficacy 50%; vaccine uptake for booster 30% [S15]

Vaccine efficacy 20%; vaccine uptake for booster 40% [S16]

Vaccine efficacy 31%; vaccine uptake for booster 40% [C]

Vaccine efficacy 50%; vaccine uptake for booster 40% [S17]

Vaccine efficacy 20%; vaccine uptake for booster 50% [S18]

Vaccine efficacy 31%; vaccine uptake for booster 50% [S19]

Vaccine efficacy 50%; vaccine uptake for booster 50% [S20]

Cohort adolescent vaccination of 14 year olds (vaccine uptake 85%) plus one-off catch-up for 15-16
year olds:

Vaccine efficacy 20%,; vaccine uptake for catch-up 85% [S21]

Vaccine efficacy 31%; vaccine uptake for catch-up 85% [H]

Vaccine efficacy 50%; vaccine uptake for catch-up 85% [S22]

Cohort adolescent vaccination of 14 year olds (vaccine uptake 85%) plus one-off catch-up for 17-18
year olds:

Vaccine efficacy 20%,; vaccine uptake for catch-up 85% [S23]

Vaccine efficacy 31%; vaccine uptake for catch-up 85% [l]

Vaccine efficacy 50%; vaccine uptake for catch-up 85% [S24]

Cohort adolescent vaccination of 14 year olds (vaccine uptake 85%) with varying duration of
protection:

Vaccine efficacy 31%; duration of protection 3 years [S25]

Vaccine efficacy 31%; duration of protection 10 years [S26]
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Cohort adolescent vaccination of 14 year olds with alternate vaccine efficacy:
Vaccine efficacy 40%; vaccine uptake 85% [S27]

Cohort adolescent vaccination of 14 year olds (vaccine uptake 85%) with higher baseline gonorrhoea
incidence:

Vaccine efficacy 31%; +26% incident gonorrhoea infections per year among heterosexual women and
men used for fitting (resulting in an increase in overall incidence of ~22%) [S28]

Cohort adolescent vaccination of 14 year olds (vaccine uptake 85%) with lower importation of
infections:
Vaccine efficacy 31%; -75% imported infections [S29]



Table S1: Parameters used in the model, default values and ranges used, data sources, and assumptions

Parameter Parameter | Values from literature Point estimate or prior Point estimate or Data source(s), assumed Notes and assumptions
description symbol (95%Cl) [range] range used for sampling | median estimate in 100 distribution for prior range
best model fits (where relevant)
Demography
Rate of model entry Ua - - a=1:1/104 Values selected to maintain a Entry is into the
a=2:0 constant population. Point susceptible, never
a=3:0 estimates used in model. vaccinated class.
a=4:0
a=5:0
a=6:0
Rate of ageing out of | «, - - a=1:1 Values selected to maintain a
an age class a=2:1 constant population. Point
a=3:1/2 estimates used in model.
a=4:1/2
a=5:1/6
a=6:y=1/40
Number of Nya k=1, a=1: 315,480 -- k=1, a=1: 315,480 Mid-2018 population estimates Assumed to be the
individuals k=1, a=2:310,434 k=1, a=2:310,434 for England, by single year of same for women and
k=1, a=3: 598,851 k=1, a=3: 598,851 age(5). Point estimates used in men.
k=1, a=4:621,221 k=1, a=4:621,221 model.
k=1, a=5: 2,084,544 k=1, a=5: 2,084,544
k=1, a=6: 14,521,992 k=1, a=6: 14,521,992
k=2, a=1: 315,480 k=2, a=1: 315,480
k=2, a=2:310,434 k=2, a=2:310,434
k=2, a=3:598,851 k=2, a=3:598,851
k=2, a=4:621,221 k=2, a=4:621,221
k=2, a=5: 2,084,544 k=2, a=5: 2,084,544
k=2, a=6:14,521,992 k=2, a=6: 14,521,992
Sexual behaviour
Percentage of Pa,j a=1, j=0:91.640% a=1, j=0: 100% minus a=1, j=0: 95.59% 3rd National Survey of Sexual Assumed to be the
individuals in each a=2, j=0:91.640% the others in age class a=2, j=0: 95.59% Attitudes and Lifestyles (Natsal- same for women and
sexual activity class a=3, j=0:55.166% (48.28%, | a=2, j=0: 100% minus a=3, j=0:73.26% 3): bespoke data analysis, limited men. Data for 16 year
61.73%) the others in age class a=4, j=0:33.651% to those participants from olds applied to those
a=4, j=0: 33.651% (29.45%, | a=3, j=0: 100% minus a=5, j=0:16.558% England, provided by Dr Cath aged 15-16 years in the
38.02%) the others in age class a=6, j=0:14.874% Mercer. Data from 11,357 model. Percentage of
a=5, j=0:16.558% (14.67%, | a=4, j=0: 100% minus a=1, j=1: 2.46% individuals aged 16-64 years 13-14 year olds with 0
18.56%) the others in age class a=2, j=1: 2.46% surveyed between 2010-2012 partners calculated
a=3, j=1:15.10% used. Uniform distribution from survival function




Parameter Parameter | Values from literature Point estimate or prior Point estimate or Data source(s), assumed Notes and assumptions
description symbol (95%Cl) [range] range used for sampling | median estimate in 100 distribution for prior range
best model fits (where relevant)
a=6, j=0: 14.874% (14.15%, | a=5, j=0: 100% minus a=4, j=1:35.848% assumed in model for prior range | for age at first sex for
15.63%) the others in age class a=5, j=1:52.631% where not point estimate. The 19-24 year olds (i.e.,
a=1, j=1: 4.694% a=6, j=0: 100% minus a=6, j=1: 75.584% percentage in age class a=1is percentage not having
a=2, j=1: 4.694% the others in age class a=1, j=2:1.52% taken to be 100% minus the started sex at age 13
a=3, j=1:25.173% (19.72%, | a=1, j=1:0- 4.694% a=2, j=2:1.52% percentages in all other age years and at age 14
31.47%) a=2,j=1:0-4.694% a=3, j=2:9.12% classes for a given sexual activity years (averaged for the
a=4, j=1:35.848% (31.53%, | a=3,j=1:0-25.173% a=4, j=2:22.613% class. If, in the rare case that p, ; two ages), among 19-24
40.22%) a=4, j=1:35.848% a=5, j=2:19.270% for j=1-3 sum to >100%, this is year olds). Percentages
a=5, j=1:52.631% (50.02%, | a=5, j=1:52.631% a=6, j=2:6.955% rejected. of 13-14 year olds in the
55.25%) a=6, j=1: 75.584% a=1, j=3:0.41% remaining classes then
a=6, j=1:75.584% (74.69%, | a=1, j=2:0-2.825% a=2, j=3:0.41% calculated to be
76.47%) a=2,j=2:0-2.825% a=3, j=3:3.47% proportionate to those
a=1, j=2:2.825% a=3, j=2:0-15.149% a=4, j=3:7.888% for 15-16 year olds, i.e.,
a=2, j=2:2.825% a=4, j=2:22.613% a=5, j=3:11.541% percentage in each
a=3, j=2:15.149% a=5, j=2:19.270% a=6, j=3:2.587% sexual activity class for
(11.538%, 19.639%) a=6, j=2:6.955% 15-16 year olds applied
a=4, j=2:22.613% a=1, j=3:0-0.841% to the estimate of the
(19.704%, 25.813%) a=2,j=3:0-0.841% percentage of 13-14
a=5, j=2:19.270% a=3,j=3:0-4.512% year olds who have
(17.374%, 21.319%) a=4, j=3:7.888% started sex.
a=6, j=2:6.955% (6.361%, a=5, j=3:11.541%
7.600%) a=6, j=3:2.587%
a=1, j=3:0.841%
a=2, j=3:0.841%
a=3, j=3:4.512% (2.759%,
7.297%)
a=4, j=3:7.888% (6.214%,
9.965%)
a=5, j=3:11.541% (9.994%,
13.293%)
a=6, j=3:2.587% (2.231%,
2.999%)
Mean number of Ca,j a=1, j=0:0 a=1, j=0:0 a=1, j=0:0 3rd National Survey of Sexual Assumed to be the
opposite-sex VI a=2, j=0:0 a=2, j=0:0 a=2, j=0:0 Attitudes and Lifestyles (Natsal- same for women and
sexual partners per a=3, j=0:0 a=3, j=0:0 a=3, j=0:0 3): bespoke data analysis, limited | men. Data for 16 year
year a=4, j=0:0 a=4, j=0:0 a=4, j=0:0 to those participants from olds applied to those
a=5, j=0: 0 a=5, j=0: 0 a=5, j=0: 0 England, provided by Dr Cath aged 13-14 years and
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Parameter
description

Parameter
symbol

Values from literature
(95%Cl) [range]

Point estimate or prior
range used for sampling

Point estimate or
median estimate in 100
best model fits

Data source(s), assumed
distribution for prior range
(where relevant)

Notes and assumptions

R R R R RO

01

a=1, j=2:2.323093
(2.186873, 2.459313)
a=2, j=2:2.323093
(2.186873, 2.459313)
a=3, j=2:2.323093
(2.186873, 2.459313)
a=4, j=2:2.346087
(2.274625, 2.417549)
a=5, j=2:2.305603
(2.255927, 2.355279)
a=6, j=2:2.31655
(2.276936, 2.356165)
a=1, j=3:5.735691
(4.158996, 7.312385)
a=2, j=3:5.735691
(4.158996, 7.312385)
a=3, j=3:5.735691
(4.158996, 7.312385)
a=4, j=3:7.451322
(6.052255, 8.850388)
a=5, j=3:7.375787
(6.744536, 8.007037)
a=6, j=3:7.121504
(6.225144, 8.017863)

a=6, j=0:0
a=1,j=1:1
a=2,j=1:1
a=3,j=1:1
a=4,j=1:1
a=5,j=1:1

a=6, j=1:1
a=1,j=2:2-3
a=2,j=2:2-3
a=3,j=2:2-3
a=4, j=2:2.346087
a=5, j=2:2.305603
a=6, j=2:2.31655
a=1,j=3:3-8
a=2,j=3:3-8
a=3,j=3:3-8
a=4, j=3:7.451322
a=5, j=3:7.375787
a=6, j=3:7.121504

a=6, j=0:0
a=1,j=1:1
a=2,j=1:1
a=3,j=1:1
a=4,j=1:1
a=5,j=1:1

a=6, j=1:1

a=1, j=2:2.487
a=2, j=2:2.464
a=3, j=2:2.523
a=4, j=2:2.346087
a=5, j=2:2.305603
a=6, j=2:2.31655
a=1, j=3:5.437
a=2, j=3:5.416
a=3, j=3:6.800
a=4, j=3:7.451322
a=5, j=3:7.375787
a=6, j=3:7.121504

Mercer. Data from 11,357
individuals aged 16-64 years
surveyed between 2010-2012
used. Uniform distribution
assumed in model for prior range
where not point estimate.

those aged 15-16 years
in the model. The value
of ¢4 j for j=2 is similar
across all ages as it can
only take a value
between 2 and 3 by
definition. j=3 was
originally defined as 4+
partners per year, but
the lower bound for the
range was lowered to
be >3 in the fitting
process.
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Parameter
description

Parameter
symbol

Values from literature
(95%Cl) [range]

Point estimate or prior
range used for sampling

Point estimate or
median estimate in 100
best model fits

Data source(s), assumed
distribution for prior range
(where relevant)

Notes and assumptions

Degree of assortative
mixing

&1

&2

£,=0.653 [0.4 - 0.95]

£,=0.2 [0.06 - 0.94]

£,=0.653 [0.4 - 0.95]

£,=0.2 [0.06 - 0.94]

£,=0.5118

£,=0.7843

Derived from (1 - mean
percentage of partnerships with
any disassortative mixing) among
women and men, for 16-74 year
olds using 10-year age-bands, as
reported by the 3 National
Survey of Sexual Attitudes and
Lifestyles (Natsal-3) 2010-2012:
data from 7,832 partnerships for
women and 5,964 partnerships
for men used(3). 95%Cl based on
that used in previous gonorrhoea
modelling study in the US(2),
which was stated to have been
informed by the National Survey
of Family Growth. Uniform
distribution assumed in model.

Sexual mixing pattern of sexual
health clinic attendees in Seattle,
Washington, USA(4). 95%Cl based
on that used in previous
gonorrhoea modelling study in
the US(2), which was stated to
have been informed by the
National Survey of Family
Growth. Uniform distribution
assumed in model.

Although we used an
available study to
inform this parameter,
this study is not really
applicable to our model
population. This
parameter is largely
unknown.

Gonorrhoea natural history

Transmission
probability for the
acquiring partner per
partnership

B

k=1:0.5 - 0.65(6)
k=2:0.19 - 0.53(6)

k=1:0.5 - 0.65(6)
k=2:0.19 - 0.53(6)

Uniform distribution assumed in
model.

Proportionate
reduction in
transmission for 25-
64 year olds

Bratio

05-1

0.5950

Uniform distribution assumed in
model.
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MSM, 45-64 years: 3,824

k=2, a=6, j=3:2,225
and 0 otherwise

k=2, a=6, j=3:2,225
and 0 otherwise

model age categories according
to the distribution of all male
diagnoses by single year of age,
and scaled to the percentage of
MSM that identify as bisexual
(10.6%) as estimated by EMIS
2010: a self-completion online
sexual health needs assessment
survey promoted on websites
aiming to appeal to MSM: 15,500
MSM surveyed from England,
Scotland and Wales(9). Point
estimates used in model.

Parameter Parameter | Values from literature Point estimate or prior Point estimate or Data source(s), assumed Notes and assumptions
description symbol (95%Cl) [range] range used for sampling | median estimate in 100 distribution for prior range
best model fits (where relevant)
Rate of recovery Oy k 3(2,7) k=1:1-3(2,7) k=1:1.956 Range informed by average
from infection per k 5(2,7) k=2:1-5(2,7) k=2:2.904 duration of infection estimates
year per year for women and men
used by the Centers for Disease
Control and Prevention(7), and
the duration of asymptomatic
and symptomatic gonorrhoea
infection used in a previous
gonorrhoea modelling study in
the US(2). Uniform distribution
assumed in model.
Annual number of Iia, MSM, 13-14 years: 0 k=2,a=1, j=3:0 k=2,a=1,j=3:0 UKHSA data tables on number of Assumed to be at
imported infections MSM, 15-19 years: 967 k=2, a=2,j=3:0 k=2, a=2,j=3:0 new diagnoses of gonorrhoea in equilibrium. Infections
MSM, 20-24 years: 4,369 k=2,a=3,j=3:8 k=2,a=3,j=3:8 MSM attending GUM/Level 3 and | assumed to be for j=3.
MSM, 25-34 years: 11,333 k=2, a=4, j=3:45 k=2, a=4, j=3:45 non-GUM/Level 2 services in Age classes for data did
MSM, 35-44 years: 5,836 k=2, a=5, j=3: 513 k=2, a=5, j=3: 513 England(8) in 2018, scaled to not perfectly align with

those in model.
Assumed to be
distributed among
unvaccinated and
vaccinated
compartments
according to the
existing relative
proportions in each.

95%Cl

—95% confidence interval; UKHSA — UK Health Security Agency; VI — vaginal intercourse; GUM — genitourinary medicine; MSM — men who have sex with men. k denotes gender (k=1: females; k=2: males), a

denotes age (a=1: 13 years; a=2: 14 years; a=3: 15-16 years; a=4: 17-18 years; a=5: 19-24 years; a=6: 25-64 years), j denotes sexual activity class (defined as 0 [j=0], 1 [j=1], 2-3, [j=2] and 4+ [j=3] opposite-sex sexual
partners per year). For a full explanation of symbols see text.
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Table S2: Fitting and validation data used in the model, values and ranges used, data sources, and assumptions

Data description

Value used in the model (95%Cl)

Data source(s)

Notes and
assumptions

Fitting

Number of new gonorrhoea diagnoses per year
among heterosexual women and men

132
: 95
11,081
: 3,388
111,077
19,857
:5
011
: 360
: 2,007
113,431

=2, a=6:22,589
using the following data on number of new gonorrhoea
diagnoses (please note difference in age groups between the
model and data below):
All women, 13-14 years: 74
All women, 15-19 years: 4,080
All women, 20-24 years: 4,988
All women, 25-34 years: 4,129
All women, 35-44 years: 1,074
All women, 45-64 years: 551
All men, 13-14 years: 6
All men, 15-19 years: 2,696
All men, 20-24 years: 8,615
All men, 25-34 years: 16,591
All men, 35-44 years: 7,741
All men, 45-64 years: 5,162
MSM, 13-14 years: 0
MSM, 15-19 years: 967
MSM, 20-24 years: 4,369
MSM, 25-34 years: 11,333
MSM, 35-44 years: 5,836
MSM, 45-64 years: 3,824

A A A R A A
NNNNN‘I!‘I—‘HHI—‘I—\
S I I O N I~ JE N W~
U'I-wal—‘g’\U'l-wal—‘

;r
N
Q

&

UKHSA data tables on number of new diagnoses of
gonorrhoea in women and men attending
GUM/Level 3 and non-GUM/Level 2 services in
England in 2018(8). Data by single year of age for
13-24 year olds obtained from UKHSA and differ
slightly from reported data. The number of
diagnoses in 13 year olds and 14 year olds are
estimates. Male diagnoses were adjusted by
subtracting the estimated number of diagnoses
among MSM. Female diagnoses were assumed to
be for heterosexual women.

To derive estimates of the total number of
infections for calibrating the model reported
diagnoses were adjusted using 1/the percentage of
infections that are diagnosed. Percentage of
infections that are diagnosed were based on
diagnosis estimates of 89% of symptomatic
infections, 40% of asymptomatic infections among
women and 9% of asymptomatic infections among
men, assuming 37.5% and 67.5% of infections in
women and men, respectively, symptomatic(7, 10-
13) giving an adjustment factor of 1.71 for women
and 2.66 for heterosexual men, assuming that all
infections MSM are diagnosed.

Assumed to
be at
equilibrium.
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Validation

Gonorrhoea infection prevalence k=1, a=1: 0.0% 3rd National Survey of Sexual Attitudes and Assumed to
k=1, a=2:0.0% Lifestyles (Natsal-3): 4,550 sexually-experienced be at
k=1, a=3: 0.0% individuals aged 16-44 years in Britain tested equilibrium.
k=1, a=4:0.0% between 2010-2012(14). Age classes
k=1, a=5:0.2% (0.1, 0.7%) for data did
k=1, a=6: 0.0% not perfectly
k=2, a=1:0.0% align with
k=2, a=2:0.0% those in
k=2, a=3:0.0% model.
k=2, a=4:0.0%
k=2, a=5:0.1% (0.0, 0.6%)
k=2, a=6: 0.0%

based on the following data on gonorrhoea prevalence:
Women, 16-17 years: 0.0%

Women, 18-19 years: 0.0%

Women, 20-24 years: 0.2% (0.1, 0.7%)

Women, 25-34 years: 0.0%

Women, 34-44 years: 0.0%

Men, 16-17 years: 0.0%

Men, 18-19 years: 0.0%

Men, 20-24 years: 0.1% (0.0, 0.6%)

Men, 25-34 years: 0.0%

Men, 34-44 years: 0.0%

95%Cl — 95% confidence interval; UKHSA — UK Health Security Agency; VI —vaginal intercourse; ; GUM — genitourinary medicine; MSM — men who have sex with men. k denotes gender (k=1: females; k=2: males), a
denotes age (a=1: 13 years; a=2: 14 years; a=3: 15-16 years; a=4: 17-18 years; a=5: 19-24 years; a=6: 25-64 years). For a full explanation of symbols see text.
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Further results

Figure S1: Comparison of model baseline gonorrhoea incidence (annual cases per year) with infection
data, for women and men, by age group
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Baseline gonorrhoea incidence (excluding imported infections) for the 100 best model fits is shown by the grey boxplots, with the median
value for incidence represented by a black line. The red lines show point estimates of infection incidence for heterosexual women and men
from data, adjusted for underreporting.

16



Figure S2: Comparison of model parameter values with data
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Parameter values for the 100 best model fits are shown by the grey boxplots, with the median value represented by a black line, while the
informing data for the parameters is represented by the red boxplots, with the median value represented by a red line. A (8y),
transmission, transmission probability per partnership per year in females (k=1) and males (k=2); B (¢), epsilon, degree of assortative
mixing for mixing by age class (&;) and sexual activity class (&;); C (8y), delta, rate of recovery from infection in females (k=1) and males
(k=2); D (py,5), rhol, percentage of individuals in each of four sexual activity classes in age class 1 (13 year olds); E (p,,;), rho2, percentage
of individuals in each of four sexual activity classes in age class 2 (14 year olds); F (p5 ), rho3, percentage of individuals in each of four
sexual activity classes in age class 3 (15-16 year olds); G (p, ;), rho4, percentage of individuals in each of four sexual activity classes in age
class 4 (17-18 year olds); H (ps ;), rho5, percentage of individuals in each of four sexual activity classes in age class 5 (19-24 year olds); |
(ps,j), rhob, percentage of individuals in each of four sexual activity classes in age class 6 (25-64 year olds); J (c,,2), ca2, mean number of
opposite-sex sexual partners per year for each of the six age classes for sexual activity class 2 (2-3 opposite-sex sexual partners per year); K
(€q,3), ca3, mean number of opposite-sex sexual partners per year for each of the six age classes for sexual activity class 3 (4+ opposite-sex
sexual partners per year).
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Figure S3: Model baseline gonorrhoea prevalence, by: A, sex; B, age group; C, age group for women,;
and D, age group for men
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Baseline gonorrhoea prevalence for the 100 best model fits are shown by the grey boxplots, with the median value represented by a black
line.
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Table S3: Projected model impact of an adolescent gonorrhoea vaccine on the percentage of incident
gonorrhoea infections averted in the heterosexual population and number of incident gonorrhoea
infections averted over a 10, 20, and 70 year time horizon for different vaccination scenarios, by age

Vaccination scenario

A
85% uptake 14yo, 31%
vaccine efficacy

Impact
(compared to no
vaccine scenario)

% Infections
averted

Time horizon from 2018

Infections averted,
thousands

B

85% uptake 14yo,
40% catch up 15-18yo
for 1 year,

31% vaccine efficacy

% Infections
averted

Infections averted,
thousands

C

85% uptake 14yo,
40% booster for
previously vaccinated
19-24yo,

31% vaccine efficacy

% Infections
averted

Infections averted,
thousands

D
75% uptake 14yo,
31% vaccine efficacy

% Infections
averted

Infections averted,
thousands

E
95% uptake 14yo,
31% vaccine efficacy

% Infections
averted

Infections averted,
thousands

F
85% uptake 14yo,
20% vaccine efficacy

% Infections
averted

Infections averted,
thousands

G
85% uptake 14yo,
50% vaccine efficacy

% Infections
averted

Infections averted,
thousands

H

85% uptake 14yo, 85%
catch up 15-16yo for 1
year,

31% vaccine efficacy

% Infections
averted

Infections averted,
thousands

1

85% uptake 14yo, 85%
catch up 17-18yo for 1
year,

31% vaccine efficacy

% Infections
averted

Infections averted,
thousands

10 years 20 years 70 years
Median (95% credible interval) Median (95% credible interval) Median (95% credible interval)
Age group (years)

| 13-18

19-24 25+

19

13-18 19-24 25+

| 13-18 | 19-24 25+
39(31- | 28(20 | 16(9-
49) -36) 24)
162 476 222
(101- (243- (90-
274) 890) 450)
40(32- | 29(21 | 17(9-
50) -37) 25)
168 494 231
(105 - (252 - (93-
283) 925) 467)
47 (37- | 49 (39- | 26(16
57) 58) -37)
198 836 369
(120- | (469- | (159-
323) 1,414) 697)
36(28- | 25(18 | 15(8-
45) -33) 22)
432 203
1f‘285(29)1 (219 - (81-
815) 411)
42 (34- | 30(22- | 17(10-
52) 39) 26)
176 516 242
(110- (266- (99-
294) 958) 485)
28 (21- | 20(14- | 11(6-
36) 26) 17)
337 159
| e | 2
644) 324)
53 (44- | 39(29- | 23 (13-
63) 48) 32)
225 668 315

(144- (356- (132-
361) 1,193) 613)

40(32- | 29(21 | 17(9-
50) -37) 25)
168 493 230

(104- | (252- | (93-
283) 922) 466)

40(32- | 29(21 | 17(9-
51) -38) 25)
169 498 232

(105- | (254- | (94-

284) 932) 470)




Table S4: Projected model impact of an adolescent gonorrhoea vaccine on the percentage of incident
gonorrhoea infections averted in the heterosexual population and number of incident gonorrhoea
infections averted over a 10, 20 and 70 year time horizon for additional vaccination scenarios, by age

Vaccination scenario

Impact
(additional,
compared to no
vaccine
scenario)

Time horizon from 2018

10 years 20 years 70 years
Median (95% credible interval) Median (95% credible interval) Median (95% credible interval)
Age group (years)
All 13-18 19-24 25+ All 13-18 19-24 25+ All 13-18 19-24 25+

15
% Infections 3(2- | 12(8 | 20(16- | 12(o- 16(11- | 25(19- | 18(12-
s1 averted B (11:) 6(8) | g 15) 26) 16 | 7410 5 33) 2a) | 10(6-26)
75% uptake 14yo, -
20% vaccine efficacy Infections 308 | 96- | 158 | 63 | 22 | 2405 | s0(31- | 2721 | 2% 106 304 143 (55-
averted, 50) 14) 25) 12) [z 42) 107) 52) (- (63- (149- 193)
thousands 197) 1043) 184) 583)
% Infections | 13 (10- éé_ 14(11- | 8(s- (ig 41(34- | 26(20- | 14(8 | 32(23- | 49 (40- | 36(27- | 21(12-
s2 averted 17) o 17) 10) g 50) 32) 20) 41) 60) 45) 30)
75% uptake 14yo, -
50% vaccine efficacy injections | ggtap- | 10 | 3aq19- | 1a(- | 22 | aga | M2 | s | MOOL | 208 o1% | 289 (120-
averted, g | 12 s5) SN CET S (68- 107 (622- | (132- | (323 s69]
thousands 30) 394) 217) 1955) | 338) | 1112)
18 14
% Infections 8 (6- 8(6- | 4(3- 25 (19- | 15 (11- 19 (13- | 30 (23- | 22 (15-
s3 averted 10) (2135) 10) 6) ‘11;) 32) 20 | 2G| g 39) 29) | B3019)
95% uptake 14yo, -
20% vaccine efficacy Infections 3823 | 11(7- | 19010 | 8a | B2 | 3008 | 7438 | 33024 | 2 127 368 174 (68-
averted, 61) 18) 31) 15) i 50) 131) 64) B (77- (184- 353)
thousands 239) 1247) 219) 701)
% Infections | 16 (13- é; 17(13- | 9(6 (Z 48 (41- | 31(24- | 17(10- | 37(27- | 57 (48 | 42(32- | 24(14-
s4 averted 20) g 20) 12) o 57) 37) 23) 47) 67) 51) 34)
95% uptake 14yo, -
50% vaccine efficacy Infections 8051 | 22 a1z |78 | 2%8 |ss@s | 0 | es(oo- | 2270 | 240 718 1 339 (143-
averted, oy | 0 6} s | @8 | 7 (81- 125) (731~ | (155- | (387- 6541
thousands 35) 457) 253) 2225) 381) 1265)
s5 % Infections 10 (7- (i; 10(8 | 6(3- &3_ 25(20- | 16(11- | o1y [ 3802 | 2922 | 2004 | ) 00
85% uptake 14yo, averted 13) 27) 13) 8) 19) 33) 21) 25) 37) 27)
30% catch up 15-18yo "
for 1 year, Infections 48(29- | 13(8 | 25(14- | 10(5- | 22 | 30(10- | 77(39- | 34(24 | B2 120 347 164 (64-
20% vaccine efficacy averted, 80) 21) 43) 20) e 51) 138) 67) EELS (72- (171- 333)
thousands 252) 1181) 207) 663)
6 % Infections | 14 (11- (32_ 15(12- | 8(5- (ig_ 36(20- | 2317~ | 12(7- | 25(18 | 40(32- | 2901 | ;g0
85% uptake 14yo, averted 18) - 19) 11) o 44) 29) 18) 34) 50) 37)
30% catch up 15-18yo -
for 1 year, Infections 7183-| 8 3700|150 [ B2 | azr- | M| a0 | BB 167 490 229 (93-
31% vaccine efficacy averted, 1) | 4% 62) 29) | 15 70) (57- 95) (490= 1 (104- | (250- 463)
thousands 29) 354) 196) 1614) 281) 917)
s7 % Infections | 21 (16- (gg_ 23 (18- | 12 (7- éi_ 50 (42- | 32(25- | 18(11- | 36(26- | 55(45- | 40(30- | 23 (13-
85% uptake 14yo, averted 26) 52) 28) 16) 36) 59) 40) 25) 46) 65) 50) 33)
0, -
30% catch up 15-18yo Infections 104 26 23 283 158 1220 231 687
for 1 year, 55 (31- 60 (39- 69 (31- 324 (135-
50% vactine efficacy averted, 64- | (17- 0} (- | aes | o (85- 134 (698- | (148 | (366- 631)
thousands 170) | 41) 42) | 489) 272) 2160) | 370) | 1229)
s8 % Infections 11 (8- é;_ 12(9- | 64 (E_ 26(20- | 16(12- | oo (1802 | 2902 | 21014 | 0
85% uptake 14yo, averted 14) 28) 15) 8) 20) 33) 22) 25) 38) 27)
40% catch up 15-18yo -
for 1 year, Infections 53(31- | 14(o- | 28(15- | 12(5- | 4 | 31(10- | s0(s1- | 36(25- | 32 121 350 165 (64-
20% vaccine efficacy averted, 88) 22) 47) ) | B 53) 144) 70) (3a1= ) (73- (173- 336)
thousands 262) 1191) 209) 670)
s9 % Infections | 23 (17- (ig_ 25(19- | 13 (8 (2(2)- 51(43- | 34(26- | 18(11- | 36(26- | 55(46- | 41(31- | 23 (14
85% uptake 14yo, averted 29) et 30) 18) o 61) 41) 26) 46) 65) 50) 34)
0, -
40% catch up 15-18yo Infections 112 28 25 293 164 1230 233 693
for 1 year, 60 (34- 62 (40- 72 (32- 327 (137-
50% vactine efficacy averted, 69- | (19 a0} (a2 |z | oo (88- 139) (703- | (149- | (370- 635)
thousands 195) | 44) 46) | 507) 282) 2178) | 373) | 1240)
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Impact Time horizon from 2018
(additional, 10 years 20 years 70 years
Vaccination scenario compared to no Median (95% credible interval) Median (95% credible interval) Median (95% credible interval)
vaccine Age group (years)
scenario) All 13-18 19-24 25+ All 13-18 19-24 25+ All 13-18 19-24 25+
$10 % Infections | 12 (8 (ig_ 13- | 7 (ﬁ 2701 | 1702 | oo | 1802 | 2902 | 2108 | o
85% uptake 14yo, averted 15) 30) 16) 9) 20) 34) 22) 25) 38) 28)
50% catch up 15-18y0 Infections 150 636 121 353
for 1 year, averted 57(34- | 14(9- | 30(16- | 13(6- (85- 32 (20- | 83 (42- 37 (15- (344- (73- (175- 167 (65-
0, 1 T ’
20% vaccine efficacy thousands 96) 23) 52) 23) 272) 54) 150) 73) 1201) 210) 676) 339)
S11 % Infections 17 (13- ég_ 18 (14- | 10 (6- (ié_ 38 (30- | 24 (18- 13 (8- 26 (18- | 41(32- 29 (21- 17 (9-25)
85% uptake 14yo, averted 22) 42) 23) 13) 28) 47) 31) 19) 35) 51) 38)
50% catch up 15-18yo -
for 1 year, Infections 83(50- | 2% |aaga- | 1900 | 22 | asqae- | 10 | sz | 2% 169 499 233 (94-
31% vaccine efficacy averted, 138 | 74) 3q) | 23 74) (62- 103) (498- 1 (105~ | (255 471)
thousands 33) 381) 212) 1642) 285) 933)
s12 % Infections 25 (19- (32_ 27 (21- | 14 (9- (3; 52(44- | 35(27- | 19(11- | 36(26- | 56 (46- | 41(31- | 24 (14-
85% uptake 14yo, averted 31) 57) 33) 19) 39) 62) 43) 27) 26) 66) 51) 34)
50% catch 15-18
% catch up 15-18y0 Infections 121 29 27 303 170 1,240 | 235 699
for 1 year, 65 (36- 63 (41- 75 (33- 330 (138-
50% vaccine efficacy averted, [ (20- 107) (13- ey 100) (92- 144) (0L (150- (373- 641)
thousands 200) 46) 50) 524) 292) 2195) 375) 1250)
:;; uptake 14y0 % Infections 8 (6- (iz 9 (7- 4 (3- (;IL.Z 25 (20- | 21(16- 10 (6- 29 (20- | 34 (26- 35 (26- 19 (11-
(] 'y "~ -
30% booster for averted 10) 21) 11) 6) 22) 32) 27) 15) 37) 43) 43) 27)
previously vaccinated Infections 40(25- | 10(6- | 22 (12- 8 (4- 170 30 (18- 101 41 (18- 974 144 596 258 (107-
19-24yo, averted, 65) 17) 35) 15) (99- 51) (55- 78) (551- (84- (314- 508)
20% vaccine efficacy thousands 297) 175) 1770) 247) 1062)
:;; uptake 1dyo % Infections 12 (9- ég 13 (10- 6 (4- (ig 35 (28- | 29(23- 15 (9- 38 (28- | 46 (36- 46 (36- 25 (15-
(] 'y - =
30% booster for averted 15) 30) 16) 9) 30) 43) 36) 20) 48) 56) 55) 35)
previously vaccinated Infections 58(36- | 15(o- | 32(18- | 12 (6- 237 42 (26- 141 57 (26- 1,308 193 794 352 (150-
19-24yo, averted, 93) 24) 51) 22) (142- 68) (79- 108) (755- (118- (440- 668)
31% vaccine efficacy thousands 406) 237) 2277) 318) 1356)
:;; uptake 1dyo % Infections 17 (14- (3(53 19 (16- 9 (6- (22 48 (40- | 40 (33- 20 (13- 50 (39- | 60 (50- 60 (50- 33 (21-
(] , = P
30% booster for averted 21) 42) 23) 13) 40) 56) 46) 27) 59) 69) 68) 44)
previously vaccinated Infections 86 (54- 21 47(27- | 18(0- 326 58 (37- 194 79 (37- 1,718 254 1,029 462 (210-
19-24yo averted, 135) (14- 74) 32) (198- 90) (113- 146) (1,014- (162- (607- 844)
50% vaccine efficacy thousands 33) 538) 313) 2820) 397) 1670)
:;; uptake 14y0 % Infections 8 (6- &Z 9 (7- 5(3- (é::g 25 (20- | 22(17- 11 (6- 30 (21- | 35(26- 37 (28- 20 (11-
(] , - =
40% booster for averted 11) 21) 12) 6) 24) 32) 28) 16) 39) 44) 46) 29)
previously vaccinated Infections 4225 | 10(6- | 23 (13 8 (4- 179 31 (19- 108 43 (19- 1,030 148 634 274 (114-
19-24yo, averted, 67) 17) 37) 16) (105- 51) (59- 82) (584- (87- (337- 535)
20% vaccine efficacy thousands 312) 185) 1860) 252) 1118)
:;7/ uptake 14y0 % Infections | 18 (14- (zg 20(17- | 10(6- (gg 48 (41- | 41(35- | 21(13- | 52(41- | 61(51- | 63(53- | 35(22-
(] , = -
40% booster for averted 22) 42) 24) 13) a1) 57) 48) 28) 61) 70) 70) 46)
previously vaccinated Infections 88 (56- 21 49 (20- | 18 (0- 339 58 (38- 203 83 (38- 1783 257 1073 481 (221
19-24yo, averted, 139) (14- 77) 33) (206- 91) (119- 151) (1058- (164- (642- 871)
50% vaccine efficacy thousands 33) 556) 326) 2902) 402) 1723)
:;ﬁ/ uptake 14yo % Infections 9 (7- (iz 10 (8- 5(3- (é:'j 26 (20- | 23 (18- 11 (7- 31 (22- | 36(27- 39 (29- 21 (12-
0 7] = =
50% booster for averted 11) 21) 12) 6) 24) 33) 29) 16) 40) 45) 47) 30)
previously vaccinated Infections 43(26- | 10(6- | 24 (13- 9 (4- 186 31 (19- 113 45 (20- 1071 150 662 286 (119-
19-24yo, averted, 69) 17) 38) 16) (109- 52) (62- 85) (609- (88- (355- 556)
20% vaccine efficacy thousands 324) 193) 1925) 257) 1160)
:;?/ uptake 14y0 % Infections 13 (10- ég 14 (12- 7 (4- ég 36 (29- | 32 (26- 16 (10- 42 (31- | 47 (38- 51 (41- 27 (17-
6 " 5
’ ted 16 17 9 44 39 22 51 57 60 38
50% booster for averte ) 30) ) ) 32) ) ) ) ) ) ) )
previously vaccinated Infections 62(39- | 15(o- | 35(20- | 13 (6- 257 43 (27- 155 62 (28- 1,416 201 867 382 (166-
19-24yo, averted, 98) 24) 55) 23) (155- 70) (88- 116) (824- (122- (491- 719)
31% vaccine efficacy thousands 437) 258) 2433) 327) 1457)
$20 % Infections 18 (14- (3(53- 21(17- | 10 (6- ég_ 49 (41- | 43 (36- | 22(14- | 53(42- | 61(52- | 65(55- | 36(23-
85% uptake 14yo, averted 22) 42) 25) 13) 12) 57) 50) 29) 62) 70) 72) 47)
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Vaccination scenario

50% booster for
previously vaccinated
19-24yo,

50% vaccine efficacy

Impact
(additional,
compared to no
vaccine
scenario)

Infections
averted,
thousands

S21

85% uptake 14yo,
85% catch up 15-16yo
for 1 year,

20% vaccine efficacy

% Infections
averted

Infections
averted,
thousands

S22

85% uptake 14yo,
85% catch up 15-16yo
for 1 year,

50% vaccine efficacy

% Infections
averted

Infections
averted,
thousands

S23

85% uptake 14yo,
85% catch up 17-18yo
for 1 year,

20% vaccine efficacy

% Infections
averted

Infections
averted,
thousands

S24

85% uptake 14yo,
85% catch up 17-18yo
for 1 year,

50% vaccine efficacy

% Infections
averted

Infections
averted,
thousands

S25

85% uptake 14yo,
31% vaccine efficacy,
3 years’ duration

% Infections
averted

Infections
averted,
thousands

S26

85% uptake 14yo,
31% vaccine efficacy,
10 years’ duration

% Infections
averted

Infections
averted,
thousands

S27
85% uptake 14yo,
40% vaccine efficacy

S28

85% uptake 14yo,
31% vaccine efficacy,
+26% baseline
incidence

S29

85% uptake 14yo,
31% vaccine efficacy,
-75% imported
infections

% Infections
averted

Infections
averted,
thousands

% Infections
averted

Infections
averted,
thousands

% Infections
averted

Infections
averted,
thousands

Time horizon from 2018
10 years 20 years 70 years
Median (95% credible interval) Median (95% credible interval) Median (95% credible interval)
Age group (years)
| 13-18 | 19-24 | 25+ | 13-18 | 19-24 25+ 13-18 | 19-24 25+
21 51(30- | 19 (9- 59 (38- 210 85 (40- 260 1105 495 (229-
141 “go)y | 34) 92) | 2% | is5) (166- | (667- 891)
33) 335) 405) 1761)
22 (18 11 (8- 26 (20 16 (12 9(5- 29 (22 20 (14 - 12 (6 -
-28) 14) 8) -33) -21) 13) -38) 27) 18)
13 (8- 27 (14 11 (5 31(19 79 (40 35 (15 - (:;230_ (i;‘g_ 165 (64 -
22) -45) -21) -53) -142) 69) 208) 668) 336)
45 (39 23 (19 51 (43 33 (25 18 (11 - 55 (46 40 (31 - 23 (14 -
- 54) -29) -17) -60) -40) 25) -65) 50) 33)
27 (18 57 (32 24 61 (40 161 71(31- 232 691 326 (136
-43) -93) (11- -97) (87- 137) (149 - (368- -634)
44) 277) 372) 1,234)
23(19 | 13(9- | 7(4- 26(21 | 17 (12 9(5- 29(22 | 21(14- 12 (6-
-29) 16) 9) -34) -22) 14) -38) 28) 18)
14 (9 - 30 (16 12 (6 32 (20 82 (42 37 (15 - (:;231_ (3752_ 166 (65 -
23) -52) -23) -53) -149) 72) 209) 674) 338)
48 (41 27 (21 52 (44 35 (26 19 (11 - 55 (46 41 (31 - 24 (14 -
-56) -33) -19) -62) -43) 27) -66) 51) 34)
29 (19 | 65(36 27 63 (41 170 74 (33 - 234 698 329 (137
-44) | -109) (13- -99) (o1- 143) (150 (372 - - 640)
49) 292) 374) 1,250)
16
4(2- 21(16- | 10(7- 24 (18- | 14(9-
(13- 6 (4-7) 5) 27) 13) 6(3-9) 32) 18) 8 (4-13)
21)
10(6- | 14(8- 25(15- | 49 (24- | 23(9- (16012_ (ﬁg_ 111 (42-
16) 23) 13) 43) 90) 47) 179) 448) 237)
ég_ 13 (10- | 7(4- 38 (31- | 26(20- | 14(9- 48 (38- | 39(29- | 23(13-
25) 16) 10) 47) 30) 19) 57) 42) 28)
17 32 (18- | 13 (6- 46 (29- 129 56 (25- 201 655 316 (134-
(11- 52) 24) 74) (6s- 106) (125- (350- 609)
27) 219) 326) 1171)
(22— 13 (10- | 7 (4- 39(32- | 24 (18 | 13(8- 46 (38- | 34 (25- 19 (11-
35) 16) 10) 47) 30) 19) 57) 42) 28)
17 32 (17- | 13 (6- 46 (30- 118 52 (23- 195 >72 269 (111-
(11- 51) 24) 75) (62- 100) (123- (299- 534)
28) 203) 321) 1049)

18(10-

-49) 38) 29)
217 663
286 (129
(o8- | (299- | "0

38 (22-

22

67) 59) 53)
235 812 | 497 (108-
(120- | (368- )
468) 1812)
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