Inferring the ecological and evolutionary
determinants of pathogen re-emergence

Pejman Rohani

Gokhale et al. (2023; PNAS 120: e2207595120)



GREG CANTPLAY

Mumps

RNA virus — Paramyxoviridae
150,000 cases annually

It’s the severe
testicular
pain.
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Competing explanations for mumps re-emergence

Relative risk (RR) of clinical mumps, given vaccination
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Vaccine licensure and Booster introduced

roll out in 1968 1989
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Modes of vaccine failure

“Primary” failure: each dose associated with probability €4 of
failure (Halloran et al. 1992; Am. J. Epid.; McLean & Blower 1993;
Proc R Soc B)
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Modes of vaccine failure

Magpantay et al. (2014) SIAM J Appl Math
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Modes of vaccine failure

Magpantay et al. (2014) SIAM J Appl Math

"Leaky"” vaccine: each exposure associated with probability
e of transmission (Halloran et al. 1992; Am. J. Epid.)
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Developing latent-state models and testing
hypotheses of vaccine failure



Transmission Model Erlang waning distribution Demographic Model

C I
(I=1-ap)v (1 —-a)pv

A

J

(1 - ap,w,

I 1 -1 -a)p)w, A2 e

-




Model Co-variates

Booster shapes
sub-hypotheses
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POMP

Partially Observed Markov Process

Process model

Was the age of the case documented?

Observation:
model
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How do the models perform?
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How do we validate the fitted model?



Waning model reasonably recapitulates
observed dynamics

Fits for younger age-cohorts better,
relative to older population

On an average, simpler dynamics in test
epochs result in better fits than training
epoch
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Why is the out of fit R? better?
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How does fitted model explain mumps resurgence?



P(Immune Loss) = e~

Immune loss is proportional to
vaccination intensity

Age-shift in susceptibility
profile causes shift in
incidence age-distribution
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Two important points

Ll
Leonard & Grad estimated mean
duration of immunity of 27.4 y
x <} T (95% Cl, 16.7 to 51.1 y)
% Lewnard and Grad,
Science Translational
Medicine, 2018

For direct comparison with model estimate, need to calculate
expected time to loss of immunity (T,) conditioned on survival
of an individual (i.e., T, < Tp, where Tp is time to death)
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Gokhale et al. (2023; PNAS 120: €2207595120)

Vaccine impact:

d = (1-ex)(1-ew)(1-€L)
where ey = a/(a+y)

= Eradication threshold:
Pec = (1-1/Ro) x 1/

eIndividual vaccine impact estimate ~59%
(54%, 67%).
*Ro estimate ~14

=routine immunization with current vaccines
cannot lead to eradication

Magpantay et al. (2014) SIAM J Appl Math



Vaccine effectiveness and waning intensity



Media stories

. SCIENTIFIC
Latest Issues 'AMERICAN, Signin | Newsletters dk NEws Majority of mumps cases are among the vaccinated, CDC finds SHARE & SAVE — f v = o

SHARE LATEST

PUBLIC HEALTH | OPINION

A Mumps Outbreak among Fully Majority of mumps cases are among the
Vaccinated People vaccinated, CDC finds

This multistate problem carries implications for our responses to future epidemics

HEALTH NEWS

By Ekemnini Hogan, Akpabio Akpabio, Utibe Effiong on June 24, 2020

READ THIS NEXT
f L 4 S
(in] = = PUBLIC HEALTH
How Fungal Meningitis Outbreaks Can

Happen after Cosmetic Procedures and
Other Surgeries

Lauren J. Young

CONSERVATION
Colombia's 'Cocaine Hippo' Population Is
Even Bigger Than Scientists Thought

Luke Taylor and Nature magazine

CLIMATE CHANGE
Rich Nations Owe $192 Trillion for




A P(Immune Loss By Age 18)
[0,5) [15)  [1525)  [2540) 40 |

0.00 0.25 0.50 0.75 1.00

2
5
% Dose Type
. . 2 Neonatal [ Booster
Relative prevalence increases 5
. . >
(0]
monotonically with age 2 Quantity
[
= J— - -
5 13 Rp
[0)
o
= Age Cohort
Ov—:\lmvomvooo cazo® o v Q9 . [0,5) . [15,25) >40
Years Since Last Dose M 515 | [2540)
B Co
. 75 — —15 3 -
For older age-classes prevalence is < == - E g 1207 200
. . . ° ~ o8 3
maximized at an intermediate value of i ~ 05 ¢ . L 150
o . 5 s g 80
waning intensity g S L 100
c
- —5 3 % 40 —
£ g 3 — 50
Vaccine effectiveness is function of duration 8 |, 3 £ | L,
; i I T T 1 R I T T 1
Of Immunlty 1.0 0.7 0.4 0.1 u 1.0 0.7 0.4 0.1
P(Immune Loss By Age 18) P(Immune Loss By Age 18)

Gokhale et al. (2023; PNAS 120: e2207595120)

(ssee A) uoneing sunww|



Summary

® Mumps re-emerged in US, despite high estimated vaccine coverage

® At population level, models indicate waning of vaccine-derived immunity drives
recent epidemics

® \accines with long-lasting immunity can bring about substantial decrease in
prevalence of mumps

® But, in resurgence era, most cases among previously vaccinated

® Validated transmission models can inform age-stratified boosting schedule to
maintain high levels of herd immunity



Influenza forecasting



Influenza forecasting
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