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INTRODUCTION

A Assessing health inequality has become cruci@l Vaccine prioritization strategies focus only on
In health ethics during the pandemic [1]. health vulnerabilities, neglecting

A The pandemic highlighted the strong link socioeconomic factors.

between socioeconomic vulnerability and A To address health disparities, vaccination
poorer health outcomes [2]. policies need to consider botinedicaland

A9y It yRQa O OOAYI GiA2y %%Qm%?g%%ﬂ%ﬁﬁk’#%emb””'%@e”éﬁ\ﬁ\ i A
as unfair. Political, economic, and social factors
worsened health inequalities [3]. A Addressing this issue is essential for fairer and
more effective vaccine allocation fnture

A Socioeconomically vulnerable individuals live in .
pandemics

crowded areas with poor hygiene and depend
on public transportation.
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RESEARCH QUESTION

What is the impact of prioritizinggocioeconomically vulnerable peoplsvithin age groups) on

@ .. a. fair vaccine allocatiorand
b. the overall COVIEL9 mortality?

CNENCNEN

A Socioeconomic vulnerabilitwulnerable and nowulnerable population percentages
are defined according to the Index of Multiple Deprivation (IMD).

A Fair vaccine allocation®utcome equity
no health disparities between the burdens (=deaths) experienced by different

population groups.
A Overall COVIEL9 mortality: Total deaths
A Case studyEngland
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VACCINE PRIORITIZATION MODELS

Why System Dynamics (SD)?
A understanding how things change over time
epidemic curves, policy impact over time, lelegm immunity trends, etc.

A focusing on the feedback (loop) behavior of variables within the
systems

vaccine uptake and herd immunity (+ feedback), death rates and public
health measures-feedback), etc.

A dealing with complex systems
Interacting demographics, public compliance, variant evolution, etc.

A non-linearity and delay
Infection-related delays (incubation, immunity loss), policy delays;non
linear epidemic spread, etc.
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VACCINE PRIORITIZATION MODELS

to compare different vaccine prioritization strategies based on two primary mechanism

(1) minimizing deaths (2) minimizing cases:
A seniors with comorbidities [5] A young and middleged [12, 13]
A seniors with another group with high young [14],

A group with high contacts [8] essential workers [10, 15]
A essential workers [9, 10] . A individuals without antibodies(by
A group with high contacts with, seniors ' sgrological testing)[16, 17]

(e.g., social carers) [11] . A different geographical regions[18, 19]
L

A

contacts [6, 7] A young and children [6]
A
A
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PROPOSED STRATEGY

1. Defining socioeconomic vulnerability:
A 2 groups for simplicity: vulnerable vs neualnerable (BUT it can be extended)
A Based on the Index of Multiple Deprivation (IMD)

Deprivation across England

Indices of multiple deprivation 2019

Index of Multiple Deprivation (IMD)a measure
Middlsbrough of multiple deprivation based on seven distinct
v it domains
e Living Environments

Income,

Employment, ] e
Education, e

Health,

Crime, _’

H O u S I n g [4] HOUSING EDUCATION

Most
deprived

Least
deprived
No data
* JayW|ck in Tendrlng

is the most deprived
neighbourhood

(32,844 Sma” areas or neighborhoods) A Aggregated COVID death data for comparing IMD quinti
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PROPOSED STRATEGY
2. Threshold approach:

A The first dose for a nemulnerable group starts once a certain threshold is reached for the
vulnerable group.

A No threshold for the second dose as the interval is specified by authorities.
A Formulation:

1. the vaccinated population % of each group for each dose is calculated per time unit.
2. comparing this % with the threshold, a binary matrix (eligibility) for each time unit.

Age Group : Threshold

|
Vulnerable S V1 V2

Non-Vulnerable V1 V2

Eligibility[Age Group, nonvulnerable]# THEN ELSE(V1 fraction[&geup,Vulnerablp-Threshold value, 1, 0)
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METHODOLOGY

SEIRD (Susceptible, Exposed, Infectious, Recovered, Dead) framework WENS”\A

hwd

ray
ﬂ Immunity loss m

post-infection

<z

——— Susceptible —%——» % P Infected F———=¢——9 Recovered . .
P xposure | % [ infection Recovery 18 population groups:

\ vaccine status (3)*
i . Il age group (3)*
. . eatn rate ays
ation | Immunity loss Deceased SE vulnerability (2)

post-vaccine
Death rate

post-vaccination I"' '

. - »| Exposed 2 »| Infected =
Vaccinated Exposure after Infection after

post-vaccination | vaccination post-vaccination vaccination

Recovery
post-vaccination
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MODEL PROPERTIES

Properties To specify

A Age:susceptibility, severity, and
mortality indicator (medical

. vulnerabilit
Vulnerability Different socioeconomic groups y'ddbff'szlﬁ‘ ; _ y)
Age groups  Different age groups oung 18-54 | A Vaccine statusto track

Vaccine dose  Dose characteristics vaccinated population, estimate

Vaccine type  Protection levels of vaccines vaccine demand, and apply
Vacei : vaccineinduced protection
accine status  Explanation

No V No vaccine Initial condition A VUlnerability: sub—priority gl’OUp

V1 Received dose 1 Protection of dose 1 - G .
V2 Received dose 1 Protection of dose 2 Original Wlthln the age group fOr a falrer
Alpha allocation

Delta
Vulnerability E A Variants:time-dependent

Vulnerable changes in virus properties

Non-vulnerable
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Vaccine status Protection level for different doses Age groups
Variants Different disease characteristics old 75+




SIMULATION TIME HORIZON

2020

F JIJ

M A M
First Case
Jan, 2020

%o

%% Alpha H %
Sep, 2020 A

/* First vaccine
Dec, 2020

‘IIIIIIIIIIIIIIIIIIIIII

Booster
Sep, 202

IIIIIIIIII>

Simulationduration= 600days
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1e model incorporates the wild type
pha, and Delta variants' emergence
ites and replacement time frames |
1gland.

Time unit=day
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ASSUMPTIONS AND SIMPLIFICATIONS

Vaccine demand and administration: Population and risk:
Two-dose mRNA vaccines A Individuals aged 18+ (no children).

No immunity loss after the second dose A Infection Fatality Rate (IFR) is equal for

Susceptible demand for vaccine. A Testing and hospitalization are excluded.
1strecipients will demand the"® dose. A Responsiveness (sensitivity to the perceived r

Daily vaccine capacity = real applied doses,  ©' d€ath) Is the same across groups.

Vaccine hesitancy varies by group but remair doéifééggg'gﬁglfaz{ae\;einsg?ggjliregs(ﬁiﬁcergt&or)‘
constant throughout the simulation. group).
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VALIDATION

I?ata collection:
A Gov.uk
A ONS

MAPE:3.4% MAPE:2.8% MAPE:1.9%
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