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Competition, synergy or both: predicting the outcome of vaccination

» Ecology of pathogens with many types
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Competition, synergy or both: predicting the outcome of vaccination

» Ecology of pathogens with many types
» What if the vaccine is only effective for a subset of types?
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Introduction

Problem formulation

Competition, synergy or both: predicting the outcome of vaccination

» Ecology of pathogens with many types
» What if the vaccine is only effective for a subset of types?
» Examples: influenza, pneumococcus, HPYV, ...

mucosal & cutaneous,
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If types do not interact, what happen if we vaccinate?

» With a vaccine that targets only the vaccine types (VTs)
» The non-vaccine types (NVTs) are not affected
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If types do interact, what happen if we vaccinate?

» With a vaccine that targets only the VTs
» The NVTs are also affected
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A real-world example

» Pneumococcus: type replacement in many countries after introduction of
vaccination, e.g. in the UK:
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» Fortunately, carriages by NVT increases, but diseases not so much.



Introduction problem

Problem fo ol

Competition, synergy or both: predicting the outcome of vaccination

» For some pathogens, we don’t know whether types compete or help
each other and whether type replacement will occur.

» Can we predict the outcome before vaccination?



What | am going to talk about now...
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Formulate the system that describes the dynamics of the type
distribution

Formulate the event we want to predict
Formulate what data we have to predict
A predictor we propose, why and how well does it work?

v

v

v



Formulate the system

Susceptible |[€———> -

A SIS model for more than one type

» n: number of types
» S ={1,---,n}: index set of types
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Formulate the system

Susceptible |[€———> -

A SIS model for more than one type

» n: number of types

S ={1,---,n}: index set of types

X € P(S): infection state, i.e. sets of types a host is infected with
» Ix: proportion of the population in infection state X

{Ix}xep(s): type distribution

» gx_v: transition rate from state X to Y
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Formulate the system

Possible transitions involving I'x:

» fromand to Ix\ (), i € X;
» fromand to Ixygy, @ € X.

The term for Ix in the ODE system

dlx

a Z Dy gx\fiy-x — Z Ixqx—x\ (3}
i€X ieX
+ Z Ixupiyaxogiy-x — Z Ixqx - xu{
igX igX
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Formulate the system

Transition without type interactions

v

c¢: contact rates
» B, transmission probability

qo—iy = cBi Y Ix: baseline acquisition rate of type i
ieX

> gxu{i}—»x = pi: clearance rate of i at any state with type 4

v
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Formulate the system

Type interactions (n=3)
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» Infections with one type interfere with the
acquisition of infections with another type.
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Formulate the system

Type interactions (n=3)
» Infections with one type interfere withthe (). Rk
acquisition of infections with another type. e @

» Each resident type contributes a factor to
the interactions with the incoming type.

» Pairwise symmetric interactions, i.e.

kij = kji.
synergy | neutrality | competition
kij > 1 | kij=1 | ki <1

» For example, I12 — I123 at rate kizkasAs.
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Formulate the system

Vaccination

» VT: set of vaccine types
» NVT: set of non-vaccine types
» Fori € VT, change 8; — 05;, with 6 < 1.
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Formulate the events

» {Ix}xep(s): equilibrium before vaccination
» {Ix} xep(s): equilibrium after vaccination
Type-specific replacement
» S Ix < > Iy, forie NVT
ieX ieX
All NVTs replacement
oy Ix< X Ik

XNANVT#D XNNVT#)
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Formulate the data

» {Ix}xep(s): equilibrium before vaccination
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A predictor based on the odds ratio of co-infections

Type-specific predictor

>
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An exact predictor forn = 2

P = ORLQ

» VT ={1}
» NVT = {2}
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An exact predictor forn = 2

{Ix}xep(s) satisfies:

Iy = pape/C
, I = )\1[1,2/0
Iy = mA2/C

Lz = ki2A1A2/C
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An exact predictor forn = 2

Detailed balance equations:
» Forany Ix and Iy:

Ix _ ay—x
Iy  gqx-y

» (reversibility)
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An exact predictor forn = 2

An estimator of &

oma=(7)/(3)

(fe2) /()
kX1 / /\
f )

————

0 1 OR; 2
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When n > 2

» Why is this a good predictor?
> {IX}XG'P(S') satisfies: Ix = ( H Az)( H /LL>( H k,])/C
ieX igX i,j€X
» Still reversible!
» How well does it work? Zooming into 2 settings:
> VT = {1,2}, NVTs = {3}
» VT = {1}, NVTs = {2,3}
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Proposing a predictor

VT = {1,2} and NVTs = {3}

» A weighted average of k13, k23 and k12kas
as a predictor for type replacement.
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» A weighted average of k13, k23 and k12kas
as a predictor for type replacement.

» I, I and I, are the appropriate weights.

» Due to reversibility:

C=O0ORyr3s
-G (@)

_ k13Ih 4 k23la + kiskosIio
I+ 1z + I
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Where | work
Introduction problem

Problem formulation

Proposing a predictor

VT = {1,2} and NVTs = {3}

v

It works when all VTs are eradicated:

Pre-vacc. 6% VE = 54%
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» VE = 90%, k12 = 0.67:

Pre-vaccination Post-vaccination OR Type replacement




Where | work
Introduction problem

Problem formulation
Proposing a predictor

VT = {1,2} and NVTs = {3}

» For example, VE = 50%, k12 = 0.67:

@ ,,,,,,,, kokwdy ,@

Pre-vaccination Post-vaccination 3 Type replacement

» Incorrect prediction if:

» no total eradication
> ki3, kag notboth > 1 or < 1.
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Where | work
Introduction problem

Problem formulation
Proposing a predictor

VT = {1,2} and NVTs = {3}

v

Other values of VE and ki2:

ki2 =1.24
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VT = {1} and NVTs = {2,3}

type 2 type 3
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type 2

@ ,,,,,,,, Fuoksh ,@
kasda [/ T

(L2 + 23 Iy + In3
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Where | work
Introduction problem

Problem formulation
Proposing a predictor

VT = {1} and NVTs = {2, 3}

» C predicts correctly in most cases.
» For example, with k23 = 1:
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VT = {1} and NVTs = {2,3}

» If kas # 1, prediction sometimes fails.
» When:
» C &~ 1 (small increase),
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VT = {1} and NVTs = {2,3}

» If kas # 1, prediction sometimes fails.
» When:

» C &~ 1 (small increase),
» some NVTs also disappear (small increase),
» some previously extinct NVTs reappear (big increase).

» Prediction becomes harder with more types.
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1 VTs and >1 NVTs

Performance of C, provided that

» all VTs eradicated by vaccination,
» all NVTs present before vaccination.

| Sensitivity | Specificity
VT ={1} NVT =1{2,3} 99.98% 99.56%
VT ={1} NVT=1{2,34} 96.36% 98.57%
VT ={1} NVT=1{234,5} | 9580% 97.67%

True condition
occurrence non-occurrence
type repl. type repl.
P, =Predicted occurrence U, =Unpredicted non-occurrence

[Cc<1
Predicted condition [ C >'1

U, =Unpredicted occurrence P,, =Predicted non-occurrence
D, — 12
Sensitivity= PotUg Specificity= PrtUn
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>1 VTs and >1 NVTs

Performance of C', provided that

» all VTs eradicated by vaccination,
» all NVTs present before vaccination.

| Sensitivity | Specificity

VT ={1,2} NVT={3,4} 96.03% 99.22%
VT ={1,2}  NVT={3,45} | 92.97% 98.78%
VT ={1,2,3} NVT ={4,5} 89.40% 98.63%
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Conclusions and discussions

» An easy to calculate predictor with a clear interpretation that works quite
well.
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Proposing a predictor

Conclusions and discussions

» Would our predictor still work if some model assumptions are violated?
S1S infection dynamics (not reversible otherwise)

Symmetric pairwise interactions (not reversible otherwise)

Multiplicative interactions (not reversible otherwise)

No unobserved heterogeneity (need adjustment otherwise)
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