
Supplementary Information

Materials and methods

The numbers of annual diagnoses of gonorrhea in MSM in England between 2008 and 2017 were
extracted from the surveillance data published annually by Public Health England [1]. England collects
surveillance data for sexually transmitted infections (STI) via the genitourinary medicine clinic activity
dataset (GUMCAD), which was introduced in 2008. GUMCAD is a mandatory statistical return, collected
quarterly and published, in aggregate, annually. It contains data on all gonorrhea diagnoses made
in specialist STI clinics, which account for the vast majority of gonorrhea diagnoses in England [2].
GUMCAD collects data on the gender, age, self-reported sexual orientation, and ethnicity of patients, as
well as their country of birth and the location of the clinic attended. There have been no substantive
changes to the GUMCAD surveillance practices of gonorrhea in MSM since its initiation.

We adapted a previously published stochastic compartmental model of gonorrhea [3] to allow for sexual
heterogeneity by separating the population into two groups based on sexual activity levels g ∈ {H,L}
and adding vaccine protection . The full model is illustrated in Figure S1 with notations summarised in
Supplementary Tables S1 and S2.

The initial population size was N = 600,000, with rates of population entry and exit calibrated based
on data from the UK Office for National Statistics (Supplementary Figure S2) [3, 4]. The number of
MSM in each activity group is denoted Ng(t) (NL(t) +NH(t) = N(t)). Individuals remain in the sexual
activity group to which they are initially assigned throughout the model simulations. The proportion of
the population in each sexual activity group and average number of partners of those in each activity
group were calibrated according to the Natsal-3 data. The 85% of MSM having up to five partners a
year were assigned to the group L, with the remaining 15% who had more than five partners per year
assigned to group H.

The rate of infection for uninfected individuals depends on the probability of infection per partnership
(β), the average partner change rate of the activity group (pg) and the sexual mixing pattern (ε), i.e the
number of partnerships formed within and between activity groups. The parameter ε represents the
sexual mixing coefficient and ranges from 0 to 1, representing a range of scenarios from proportionate
mixing, where partners are chosen at random regardless of their sexual activity group, to assortative
mixing, where partners are preferentially chosen from an individual’s own sexual activity group [5].

1



V
ac

ci
na

tio
n 

st
ra

te
gi

es
:

B
ef

or
e 

en
tr

y

O
n 

di
ag

no
si

s

O
n 

at
te

nd
an

ce

+C
gA

B
S

C
gA

B
R

U
g

I gA
B

S

I gA
B

R

S
gA

B
S

S
gA

B
R

A
gA

B
S

A
gA

B
R

T
gA

B
S

T
gA

B
R

Û
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Figure S2. Expected number of population entrants, at age 15, and leavers, at age 65, between
2008 and 2030 derived from ONS population projections assuming 3.3% of men are MSM and
assuming an initial population size of 600,000

Table S1. Input parameter notations, descriptions and values used in simulations

Parameter description Unit Input value(s)

N0 total population at t0 # 600,000

qL proportion of population in group L % 85

ξ(t) rate of new MSM entering population year−1 Supplementary Figure S2

χ(t) per-capita rate of MSM leaving population year−1 Supplementary Figure S2

pL partner-change rate in group L year−1 0.6

pH partner-change rate in group H year−1 15.6

pvaxE (t) proportion of new entrants that are vaccinated % 0-100

pvaxD (t) proportion of diagnosed MSM that are vaccinated % 0-100

pvaxS (t) proportion of screened MSM that are vaccinated % 0-100

1/ζ expected duration of vaccine protection years 1-20

γ efficacy: vaccine-conferred reduction in susceptibility to infection % 1-100

ω number of imported ABR cases year−1 10

φ ABR infections for which treatment fails % 0-100
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The rate of transmission from an individual in group h to an uninfected individual in group g is denoted
θgh and defined as follows:

θLL(t) =
pLβ

NL(t)

(
ε+

(
1− ε

) pLNL(t)

pLNL(t) + pHNH(t)

)
(S1)

θLH(t) =
pLβ

NH(t)

(
1− ε

) pHNH(t)

pLNL(t) + pHNH(t)
=

pLpHβ
(
1− ε

)
pLNL(t) + pHNH(t)

(S2)

θHL(t) =
pHβ

NL(t)

(
1− ε

) pLNL(t)

pLNL(t) + pHNH(t)
=

pLpHβ
(
1− ε

)
pLNL(t) + pHNH(t)

(S3)

θHH(t) =
pHβ

NH(t)

(
ε+

(
1− ε

) pHNH(t)

pLNL(t) + pHNH(t)

)
(S4)

Individuals in group g are initially uninfected (Ug). They become infected with strain s ∈ {ABS,ABR},
denoting antibiotic susceptible (ABS) and ABR strains respectively. The model assumes that strains do
not vary in transmissibility, propensity to cause symptoms or rate of natural clearance, and that the rate of
infection from a contagious individual in group h to an uninfected individual in group g is θgh(t). Infected
individuals initially pass through an incubation period (Isg ), which they leave at rate σ. A proportion ψ
of those infected then go on to develop symptoms (Ssg), whereas the rest remain asymptomatic (Asg).
Symptomatic individuals (Ssg) seek care at rate µ. Individuals without symptoms attend sexual health
screening at rate η. Natural clearance of asymptomatic infection happens at rate ν. Treated individuals
recover from the infection and become uninfected again at rate ρ, with the exception of a proportion
φ of the individuals infected with an ABR strain (TABR

g ) for whom treatment fails, leading to persistent
infection for which the same dynamics are assumed as for asymptomatic cases. Gonococcal infection
can occur in the rectum, pharynx and/or urethra, resulting in different rates of onward transmission and
probabilities of developing symptoms [6]. Surveillance data are not stratified by infection site (rectum,
pharynx, urethra), hence the parameters are averages across sites. The model assumes that no natural
immunity is conferred by infection [7,8]. The ABR strain is imported into the highly sexually active group
at rate ω/NH(t) per person per year from time tABR=2020 onwards.

Interventions

We considered three potential vaccination strategies in the model:

• Vaccination immediately before entry into the population - where a proportion pvaxE > 0 of adoles-
cents are vaccinated before they become sexually active;

• Vaccination on diagnosis - where the vaccine is given to a proportion pvaxD > 0 of MSM diagnosed
with gonorrhea;

• Vaccination on attendance - where the vaccine is given to a proportion pvaxS = pvaxD > 0 of MSM
that present to sexual health services, either through screening or due to symptoms.

We varied vaccine efficacy in the analysis, with factor γ denoting the relative reduction in susceptibility to
gonorrhea conferred by the vaccine, which is known as degree-type protection [9]. As such, vaccinated
MSM (Ûg) can still become infected, albeit less frequently, on sexual contact with contagious individuals
(C). These vaccinated-yet-infected individuals progress through the stages of infection (Îg, Ŝg, Âg)
similarly to those who are unvaccinated. The contagious population for each strain s is denoted
Csg = Isg + Ssg +Asg + Îsg + Ŝsg + Âsg. Under the vaccination-on-diagnosis and vaccination-on-attendance
strategies, treatment fails for a proportion φ of those infected with the ABR strain, who remain contagious,
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despite receiving the vaccine. Vaccine protection wanes at rate ζ per year, after which time individuals
become fully susceptible to infection once more.

Model equations and stochastic simulations

In order to illustrate the model dynamics, we describe a deterministic version of the model by the
differential equations S5 - S20, which are easier to read than the stochastic specification of the model,
which follows.

dUH(t)

dt
=

(
1− pvaxE (t)

)
qHξ(t)−

(
θHLCL(t) + θHHCH(t) + ηpvaxS (t) +

ω(t)

NH(t)
+ χ(t)

)
UH(t)

+ ν
(
AABS

H (t) +AABR
H (t)

)
+

(
1− pvaxD (t)

)
ρ
(
TABS
H (t) +

(
1− φ

)
TABR
H (t)

)
+ ζÛH(t) (S5)

dUL(t)

dt
=

(
1− pvaxE (t)

)
qLξ(t)−

(
θLLCL(t) + θLHCH(t) + ηpvaxS (t) + χ(t)

)
UL(t)

+ ν
(
AABS

L (t) +AABR
L (t)

)
+

(
1− pvaxD (t)

)
ρ
(
TABS
L (t) +

(
1− φ

)
TABR
L (t)

)
+ ζÛL(t) (S6)

dIABR
H (t)

dt
=

(
θHLC

ABR
L (t) + θHHC

ABR
H (t) +

ω(t)

NH(t)

)
UH(t)−

(
σ + χ(t)

)
IABR
H (t) + ζÎABR

H (t) (S7)

dIsg(t)

dt
=

(
θgLC

s
L(t) + θgHC

s
H(t)

)
Ug(t)−

(
σ + χ(t)

)
Isg(t) + ζÎsg(t) otherwise (S8)

dSs
g(t)

dt
= ψσIsg(t)−

(
µ+ χ(t)

)
Ss
g(t) + ζŜs

g(t) (S9)

dAABS
g (t)

dt
=

(
1− ψ

)
σIABS

g (t)−
(
ν + η + χ(t)

)
AABS

g (t) + ζÂABS
g (t) (S10)

dAABR
g (t)

dt
=

(
1− ψ

)
σIABR

g (t)−
(
ν + η + χ(t)

)
AABR

g (t) +
(
1− pvaxD (t)

)
φρTABR

g (t) + ζÂABR
g (t) (S11)

dT s
g (t)

dt
= µSs

g(t) + ηAs
g(t)−

(
ρ+ χ(t)

)
T s
g (t) + ζT̂ s

g (t) (S12)

dÛH(t)

dt
= pvaxE (t)qHξ(t) + ηpvaxS (t)UH(t) + pvaxD (t)ρ

(
TABS
H (t) +

(
1− φ

)
TABR
H (t)

)
−

(
γ

(
θHLCL(t) + θHHCH(t) +

ω(t)

NH(t)

)
+ ζ + χ(t)

)
ÛH(t)

+ ν
(
ÂABS

H (t) + ÂABR
H (t)

)
+ ρ

(
T̂ABS
H (t) +

(
1− φ

)
T̂ABR
H (t)

)
(S13)
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dÛL(t)

dt
= pvaxE (t)qLξ(t) + ηpvaxS (t)UL(t) + pvaxD (t)ρ

(
TABS
L (t) +

(
1− φ

)
TABR
L (t)

)
−

(
γ
(
θLLCL(t) + θLHCH(t)

)
+ ζ + χ(t)

)
ÛL(t)

+ ν
(
ÂABS

L (t) + ÂABR
L (t)

)
+ ρ

(
T̂ABS
L (t) +

(
1− φ

)
T̂ABR
L (t)

)
(S14)

dÎABR
H (t)

dt
= γ

(
θHLC

ABR
L (t) + θHHC

ABR
H (t) +

ω(t)

NH(t)

)
ÛH(t)−

(
σ + ζ + χ(t)

)
ÎABR
H (t) (S15)

dÎsg(t)

dt
= γ

(
θgLC

s
L(t) + θgHC

s
H(t)

)
Ûg(t)−

(
σ + ζ + χ(t)

)
Îsg(t) otherwise (S16)

dŜs
g(t)

dt
= ψσÎsg(t)−

(
µ+ ζ + χ(t)

)
Ŝs
g(t) (S17)

dÂABS
g (t)

dt
=

(
1− ψ

)
σÎABS

g (t)−
(
ν + η + ζ + χ(t)

)
ÂABS

g (t) (S18)

dÂABR
g (t)

dt
= pvaxD φρTABR

g (t) +
(
1− ψ

)
σÎABR

g (t)−
(
ν + η + ζ + χ(t)

)
ÂABR

g (t) + φρT̂ABR
g (t) (S19)

dT̂ s
g (t)

dt
= µŜs

g(t) + ηÂs
g(t)−

(
ρ+ ζ + χ(t)

)
T̂ s
g (t) (S20)
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We used a stochastic version of the model described in Equations S5 - S20, time-discretised using the
Gillespie tau-leap method with steps of 1 day. The process was initialised on 31 December 2007, with
AABS
g (0) asymptomatic infections in each sexual activity group g ∈ {L,H} and the remainder of the

population uninfected. Simulation proceeded through iterations of the steps below for each day. Since
the model is stochastic, the outbreak can become extinct even when its basic reproduction number is
>1. Transition variables bg1, b

g
2, d

g
1, . . . , d

g
32 are drawn from the following distributions:

bg1 ∼ Poisson
(
qg
(
1− pvaxE

)
ξ(t)

)
(S21)

bg2 ∼ Poisson
(
qgp

vax
E ξ(t)

)
(S22)

dH1 , . . . , d
H
4 ∼ Multinom

(
UH(t), θHLC

ABS
L (t) + θHHC

ABS
H (t),

θHLC
ABR
L (t) + θHHC

ABR
H (t) +

ω(t)

NH(t)
, ηpvaxS (t), χ(t)

)
(S23)

dL1 , . . . , d
L
4 ∼ Multinom

(
UL(t), θLLC

ABS
L (t) + θLHC

ABS
H (t),

θLLC
ABR
L (t) + θLHC

ABR
H (t), ηpvaxS (t), χ(t)

)
(S24)

dg5, d
g
6, d

g
7 ∼ Multinom

(
IABS
g (t), ψσ,

(
1− ψ

)
σ, χ(t)

)
(S25)

dg8, d
g
9, d

g
10 ∼ Multinom

(
IABR
g (t), ψσ,

(
1− ψ

)
σ, χ(t)

)
(S26)

dg11, d
g
12 ∼ Multinom

(
SABS
g (t), µ, χ(t)

)
(S27)

dg13, d
g
14 ∼ Multinom

(
SABR
g (t), µ, χ(t)

)
(S28)

dg15, d
g
16, d

g
17 ∼ Multinom

(
AABS

g (t), ν, η, χ(t)
)

(S29)

dg18, d
g
19, d

g
20 ∼ Multinom

(
AABR

g (t), ν, η, χ(t)
)

(S30)

dg21, d
g
22, d

g
23 ∼ Multinom

(
TABS
g (t),

(
1− pvaxD

)
ρ, pvaxD ρ, χ(t)

)
(S31)

dg24, . . . , d
g
28 ∼ Multinom

(
TABR
g (t),

(
1− pvaxD

)(
1− φ

)
ρ,

(
1− pvaxD

)
φρ, pvaxD

(
1− φ

)
ρ, pvaxD φρ, χ(t)

)
(S32)

dH29, . . . , d
H
32 ∼ Multinom

(
ÛH(t), γ

(
θHLC

ABS
L (t) + θHHC

ABS
H (t)

)
,

γ

(
θHLC

ABR
L (t) + θHHC

ABR
H (t) +

ω(t)

NH(t)

)
, ζ, χ(t)

)
(S33)

dL29, . . . , d
L
32 ∼ Multinom

(
ÛL(t), γ

(
θLLC

ABS
L (t) + θLHC

ABS
H (t)

)
,

γ
(
θLLC

ABR
L (t) + θLHC

ABR
H (t)

)
, ζ, χ(t)

)
(S34)

dg33, . . . d
g
36 ∼ Multinom

(
ÎABS
g (t), ψσ,

(
1− ψ

)
σ, ζ, χ(t)

)
(S35)

dg37, . . . , d
g
40 ∼ Multinom

(
ÎABR
g (t), ψσ,

(
1− ψ

)
σ, ζ, χ(t)

)
(S36)

dg41, d
g
42, d

g
43 ∼ Multinom

(
ŜABS
g (t), µ, ζ, χ(t)

)
(S37)

dg44, d
g
45, d

g
46 ∼ Multinom

(
ŜABR
g (t), µ, ζ, χ(t)

)
(S38)

dg47, . . . , d
g
50 ∼ Multinom

(
ÂABS

g (t), ν, η, ζ, χ(t)
)

(S39)

dg51, . . . , d
g
54 ∼ Multinom

(
ÂABR

g (t), ν, η, ζ, χ(t)
)

(S40)

dg55, d
g
56, d

g
57 ∼ Multinom

(
T̂ABS
g (t), ρ, ζ, χ(t)

)
(S41)

dg58, . . . , d
g
61 ∼ Multinom

(
T̂ABR
g (t),

(
1− φ

)
ρ, φρ, ζ, χ(t)

)
(S42)
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For ease of notation, we have expressed the equations above using the rates we have previously
defined, rather than their respective probabilities. Therefore, for example, d ∼ Multinom(S, r) should be
understood as d ∼ Multinom(S, 1− e−r).

The compartments of the model were updated as follows:

Ug(t+ 1) := Ug(t) + bg1 − dg1 − dg2 − dg3 − dg4 + dg15 + dg18 + dg21 + dg24 + dg31 (S43)

IABS
g (t+ 1) := IABS

g (t) + dg1 − dg5 − dg6 − dg7 + dg35 (S44)

IABR
g (t+ 1) := IABR

g (t) + dg2 − dg8 − dg9 − dg10 + dg39 (S45)

SABS
g (t+ 1) := SABS

g (t) + dg5 − dg11 − dg12 + dg42 (S46)

SABR
g (t+ 1) := SABR

g (t) + dg8 − dg13 − dg14 + dg45 (S47)

AABS
g (t+ 1) := AABS

g (t) + dg6 − dg15 − dg16 − dg17 + dg49 (S48)

AABR
g (t+ 1) := AABR

g (t) + dg9 − dg18 − dg19 − dg20 + dg25 + dg53 (S49)

TABS
g (t+ 1) := TABS

g (t) + dg11 + dg16 − dg21 − dg22 − dg23 + dg56 (S50)

TABR
g (t+ 1) := TABR

g (t) + dg13 + dg19 − dg24 − dg25 − dg26 − dg27 − dg28 + dg60 (S51)

Ûg(t+ 1) := Ûg(t) + bg2 + dg3 + dg22 + dg26 − dg29 − dg30 − dg31 − dg32 + dg47 + dg51 + dg55 + dg58 (S52)

ÎABS
g (t+ 1) := ÎABS

g (t) + dg29 − dg33 − dg34 − dg35 − dg36 (S53)

ÎABR
g (t+ 1) := ÎABR

g (t) + dg30 − dg37 − dg38 − dg39 − dg40 (S54)

ŜABS
g (t+ 1) := ŜABS

g (t) + dg33 − dg41 − dg42 − dg43 (S55)

ŜABR
g (t+ 1) := ŜABR

g (t) + dg37 − dg44 − dg45 − dg46 (S56)

ÂABS
g (t+ 1) := ÂABS

g (t) + dg34 − dg47 − dg48 − dg49 − dg50 (S57)

ÂABR
g (t+ 1) := ÂABR

g (t) + dg27 + dg38 − dg51 − dg52 − dg53 − dg54 + dg59 (S58)

T̂ABS
g (t+ 1) := T̂ABS

g (t) + dg41 + dg48 − dg55 − dg56 − dg57 (S59)

T̂ABR
g (t+ 1) := T̂ABR

g (t) + dg44 + dg52 − dg58 − dg59 − dg60 − dg61 (S60)

Bayesian Inference

We considered the recorded cases (YD(t), t = 2008, ..., 2017) as the observed realisations of an
underlying unobserved Markov process: the total number of diagnosed gonococcal infections (ZD(t))
(Supplementary Figure S3). We allowed for a 10% margin of under-reporting, such that 90% of all
gonorrhea diagnoses are recorded in the surveillance data - consistent with evidence of the proportion
of gonorrhea diagnoses made in a General Practice setting and therefore not reported [2].

YD(t) ∼ N (0.9ZD(t), 0.05ZD(t)) (S61)

Additionally, to ensure that the rate at which MSM attend sexual health screening reflects the most
recent data, we considered the number of sexual health clinic attendances in 2017 (YA(t), t = 2017)
as the observed realisation of an underlying unobserved variable - the total number of MSM attending
sexual health services (ZA(2017)), again allowing for a 10% margin of under-reporting.

YA(2017) ∼ Poisson(0.9ZA(2017)) (S62)
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ZD(t0)
ZA(t0)

ZD(t1)
ZA(t1)

YD(t1)

ZD(tn−1)
ZA(tn−1)

YD(tn−1)

ZD(tn)
ZA(tn)

YD(tn)

ZD(tn+1)
ZA(tn+1)

YD(tn+1)

ZD(tn+13)
ZA(tn+13)

YD(tn+13)

YA(tn)

... ...

t = 2007 2008 ... 2016 2017 2018 ... 2030

P ZD(t1) | ZD(t0), Θ, M


P ZA(t1) | ZD(t0), Θ, M


N 0.9ZD(ti), 0.05ZD(ti)


Poisson 0.9ZA(ti)


hidden observed predicted

Figure S3. Illustrative diagram of the partially observed Markov process The total incidence of
gonorrhea infections, ZD(t), and annual sexual health clinic attendances, ZA(t) are unobserved
Markovian time series, updated via the model of infection, M, with parameters Θ. The number of
recorded cases, YD(t), and recorded attendances, YA(t) are the observed realisations of the underlying
hidden processes.

An expression for the likelihood of the observed data given the model is not analytically tractable, so we
used a particle filter to compute an unbiased estimate. This estimated likelihood was then incorporated
into a Monte Carlo Markov Chain (MCMC) algorithm, which was used to sample from the joint posterior
distribution of the parameters given the observed data [10].

As the number of parameters increases, so does the difficulty of exploring the joint posterior space. To be
parsimonious we reduced the number of model parameters by making the initial number of symptomatic
cases, SL(2007) and SH(2007), to be zero. After a few simulated days these variables quickly reach the
stochastic values implied by the model and parameters. Therefore, the first few days of each simulation
can be thought of as the equivalent to a Markov Chain convergence or burn-in step.

We implemented the model fitting using a pMCMC algorithm from the R package pomp [11], which we
modified to enable parallel computation. The estimation of the likelihood was based on 1,000 particles,
which we found to be sufficiently robust to produce consistent estimates of the likelihood. Four pMCMC
with dispersed starting points were run for 110,000 iterations, with the first 10% discarded as burn-in.
The chains were compared using the R package coda [12]; the multivariate Gelman-Rubin diagnostic
was ≤1.1 for all inferred parameters, suggesting that they appear to have converged on the same
posterior distribution [13]. For robustness, we combined the posterior samples from all four chains and
ensured all parameters had an effective sample size greater than 200.
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Prior distributions of parameters

Performing Bayesian inference requires the specification of plausible parameter priors. For parameters
whose values are uncertain (ε, A

ABS
L (0)
NL

,
AABS

H (0)
NH

, β, ψ) we adopted highly uninformative uniform priors
(Table S2). The remaining four parameters ν, σ, µ and ρ were assigned informative priors based on
literature review, as summarised in Table S2.

The length of time for which asymptomatic gonorrhea infection persists has not been well measured.
Duration of carriage likely depends on the site of infection, with estimates varying widely from 12 weeks
at the pharynx, up to a year for rectal infection [14, 15]. In a study of 18 asymptomatic men infected
with (urethral) gonorrhea, no infections were cleared in the 165 days from diagnosis to treatment [16].
Modelling studies commonly use an average duration of untreated infection of 6 months [5,17,18]. This
is supported by evidence from genomic data, where bacterial genomes isolated from known contact
pairs had a maximum time to most recent common ancestor of 8 months [19]. We therefore assigned
the duration of untreated carriage, 1

ν , a prior corresponding to a mean duration of carriage between
three months and one year with 95% prior weight.

The UK national guidelines on safer sex advice recommend MSM test for gonorrhea annually, and
that highly sexually active MSM get tested every three months [20, 21]. However, in a social media
survey of 2,668 MSM in Scotland, Wales and Ireland, two-thirds reported STI testing less than once a
year [22]. We assigned a uniform distribution to the rate of screening, η with 95% prior weight between
0.4 and 4. This corresponds to a range of scenarios: from testing at quarterly intervals, in adherence
with the British Association for Sexual Health and HIV guidelines, through to the situation described
by [22]. The lower bound for η was calculated by setting the probability of testing less than once a year
equal to 2

3 under an exponential distribution with rate η, so that P[T > 1] = e−η = 2
3 , and solving to find

η = − ln 2
3 = 0.4.

The length of time spent in the incubation, symptomatic, and treatment stages of infection are observed
to be short [23–25]. We set priors accordingly: the mean duration of incubation, 1

σ , was between three
and eight days; the mean duration of symptomatic infection (before seeking care), 1

µ , was between a day
and two weeks; and the mean duration of treatment, 1

ρ , was between five and nine days, in accordance
with the BASHH recommendation to abstain from sex for seven days after treatment [26].
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Estimation of model parameters

The posterior estimate of the probability of transmission per partnership per year β was 59% with a wide
range of credible values from 28% to 97%. The parameter was positively correlated with the level of
assortativity in sexual mixing ε, which was estimated to be between 0.06 and 0.75 with 95% credibility.
This corresponds to the trade-off required to maintain a force of infection compatible with the observed
data, as described by equations S1-4.

The model predicts that 25% (95% CrI: 13%, 35%) of infections become symptomatic, and that this
proportion (ψ) is strongly negatively correlated with the rate of asymptomatic screening (η). This
corresponds to the tradeoff between duration of carriage, 1

ν+η , and the proportion of infections entering
the carriage state (1− ψ)

The parameters corresponding to the time spent in the incubation, symptomatic, and treatment stages
of infection (σ, µ, ρ) had posterior distributions that closely matched their prior distributions, suggesting
that the priors were appropriate and that there is little additional information on these parameters to
be gleaned from this data set. These parameters did not show a strong correlation with any others; as
expected given the short duration of the incubation, symptomatic and treatment stages variation in their
parameters makes little difference to the dynamics of infection.

The posterior distribution of ν has a slightly lower mean than the prior, implying a longer mean duration
of carriage: 174 (95% CrI: 95, 443) days compared to 157 (95% CrI: 87, 364). The prior and posterior
credible intervals intersect to a large extent so there is not significant evidence of a departure from the
prior based on the data.
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ε

r = −0.21
[−0.27,−0.15]

r = −0.036
[−0.10, 0.03]

r = −0.31
[−0.37,−0.25]

r = 0.054
[−0.01, 0.12]

r = −0.099
[−0.16,−0.04]

r = 0.22
[0.16,0.28]
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σ
r = 0.0042

[−0.06, 0.07]
r = 0.018

[−0.04, 0.08]
r = 0.08

[0.02,0.14]
r = 0.014

[−0.05, 0.08]
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Figure S4. Posterior distributions of parameters. The diagonal plots show histograms of the
posterior distributions for all sampled parameters. The blue lines show prior distributions, and the red
lines indicate posterior mean and 95% credible intervals. The plots below the diagonal show scatter
plots based on 1,000 samples from the posterior, illustrating the relationships between pairs of
estimated parameters. An orange background indicates a correlation higher than 0.8, a yellow
background indicates a correlation between 0.5 and 0.8, a green background indicates a correlation
between 0.3 and 0.5, and a white background indicates a correlation less than 0.3. The plots above the
diagonal show the corresponding correlation coefficients with the 95% credible intervals in parentheses.

Overview of simulation analysis

To examine the effect of vaccine efficacy and duration of protection, and the effect of different deployment
strategies, we considered 1,000 vaccine profiles (i.e. combinations of level and duration of protection),
selected using Latin Hypercube Sampling, which ranged in efficacy from 1-100% and offered protection
lasting between 1 and 20 years. For each vaccine profile we performed 100 Monte Carlo simulations of
the epidemic between 2008 and 2030. we repeated the analysis for each of the ABR strains of varying
controllability, under each of the three vaccination strategies.

We assessed the potential impact of a MeNZB-like vaccine by considering 100 vaccine profiles conferring
protection from infection ranging from 21%-39% with an assumed duration of two to four years. We
repeated the analysis for varying levels of vaccine coverage to assess how the level of uptake achieved
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impacts the success of each strategy.
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