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Background and Obijectives: This study aims to investigate critical
challenges in the influenza vaccine supply chain, including supply—demand
imbalances, increased demand due to the COVID-19 outbreak, and the
emergence of new viral strains. The research evaluates the resilience of the
supply chain in Razavi Khorasan Province, Iran, focusing on disruptions
caused by seasonal peaks resulting from viral mutations and the spread of
new diseases. The ultimate goal is to develop and assess effective strategies
to enhance supply chain resilience and ensure a stable and secure vaccine

supply.

Materials and Methods: A System Dynamics modelling approach was
employed to simulate supply chain disruptions and recovery processes. For
the first time, resilience strategies— including the establishment of backup
buffers, contracting with backup suppliers, and increasing domestic
production capacity—were comprehensively analysed within the framework
of budget allocation policies.

Results: The results indicate that strategies focused on increasing domestic
production capacity, particularly Policy 3, which combines domestic
production with backup suppliers and minimal backup buffers, significantly
enhance supply chain resilience. These strategies create an optimal balance
between costs and responsiveness to demand fluctuations.

Conclusion: The findings suggest that increasing domestic production
capacity, alongside leveraging backup suppliers, can establish a balance
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between vaccine costs and inventory levels, thereby ensuring the long-term
resilience of the influenza vaccine supply chain even under peak demand
conditions caused by viral mutations.
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Variable Name

Equation

population 6.5e+06-death
Fraction susceptible susceptible/population
infectivity 0.3

Transmission rate

MAX(Fraction susceptible*infectivity, 0 )

fraction infected

infected/susceptible

infecting susceptible*Transmission rate

infected Iinfecting—death rate-recovering
recovering infected/infection Duration*(1-fatality rate)
recovefed _[ recovering

death rate (fatality rate*infected)/infection Duration
death _[death rate

fatality rate 0.001

infection Duration 7

susceptible

_freinfection vaccinated-immunizaton rate-infecting

reinfection vaccinated

(immunized+recovefed)/Waning time

immunizaton rate

susceptible*Vaccination rate*vaccine effectiveness

immunized _fimmunizaton rate-reinfection vaccinated
Waning time 180
vaccine effectiveness 0.7

Vaccination rate

((3+Vaccine import)*(vaccine availability)*(people thinking
pressure)*(Demand satisfaction rate))/(1+fraction infected)

vaccine availability 0.9
Vaccine import 0.7
people thinking 0.3

pressure

Health centers demand

normal hospital sector demand+seasonal peak demand
rate+(infected*Proportion seeking vaccination*vaccination demand rate per
infected person)

normal hospital sector 3900
demand
proportion of seasonal Oorl

peak

seasonal peak demand
rate

IF THEN ELSE( Time>=60:AND:Time<=90 , proportion of seasonal peak*
normal hospital sector demand , 0)

vaccination demand 190
rate per infected person
Proportion seeking 0.01

vaccination

Backup Buffer
Utilization Rate

IF THEN ELSE(supply and demand gap>0,max buffer/Vaccines used, 0)

max buffer

buffer stock/average daily consumption

withdrawal rate

0.9

Vaccines used

(buffer stock*withdrawal rate)

buffer stock waste

buffer stock/average lifespanl

buffer stock

_[buffer replenishment for vaccine v-buffer stock waste-VVaccines used

average daily
consumption

650
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buffer replenishment
for vaccine v

DELAY1( Receiving vaccines+(buffer replenishment rate*buffer
stock)*buffer stock Impact Factor, replenishment delay )

buffer replenishment
rate

0.1

replenishment delay

5

buffer stock Impact
Factor

allocated budget to buffer stock/Maximum budget to buffer stock

Maximum budget to
buffer stock

3500

vaccine stock

_[buffer replenishment for vaccine v+Receiving vaccines-actual demand-vaccine stock waste

actual demand

Adjusted health centers Demand+Vaccines used

Receiving vaccines

(actual supply+Maximum production rate+backup supplier supply rate)

Demand satisfaction
rate

IF THEN ELSE(Receiving vaccines/actual demand>1, 1, IF THEN ELSE(
Receiving vaccines/actual demand<=0 , 0, Receiving vaccines/actual demand ))

supply and demand Health centers demand-actual supply
gap

backup supplier IF THEN ELSE(Contract with backup supplier>0, transportation rate , 0)
supply rate

actual supply

actual import supply rate+Internal production rate

Internal
production rate

200

actual import supply
rate

normal import supply rate*(1-import supply shortage)

import supply IF THEN ELSE(Time<=60,0, IF THEN ELSE(Time>60:AND:Time<=150,
shortage proportion of shortage , 0) )
normal import supply 3700
rate
proportion of shortage OQorl
Maximum Budget to 3500
Backup supplier Contract
Maximum 9000
transportation capacity
transportation delay 10

backup supplier
supply Impact Factor

allocated budget to Back up supplier Contract/Maximum Budget to Backup
supplier Contract

allocated budget to
Back up supplier Contract

Allocation Factor for Back up supplier Contract*available budget

transportation rate

DELAY FIXED(IF THEN ELSE(supply and demand gap>=0,Maximum
transportation capacity*backup supplier supply Impact Factor , 0),
transportation delay ,0)

Contract with backup
supplier

_[transportation rate

Delay in increase

8

Capacity adding rate

DELAY FIXED( IF THEN ELSE(supply and demand gap>0, capacity
augmentation, 0) ,Delay in increase, 0)

production capacity on
order

ICapacity adding rate —acquired production capacity

acquired production
capacity

DELAY1(Capacity adding rate, delay 2)

production capacity

_facquired production capacity

vaccine order rate

Health centers demand

average production
rate

production capacity on order/Production cycle time

Production cycle time

2

Investment rate

0.1

¥
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capacity augmentation

MAX( ((vaccine order rate-Maximum production rate-average production
rate)*Investment rate)*Capacity Augmentation Impact Factor, 0)

Maximum production
rate

production capacity/Production cycle time

Capacity
Augmentation Impact
Factor

allocated budget to capacity augmentation/Maximum Budget to capacity
augmentation

allocated budget to
capacity augmentation

Allocation Factor for capacity augmentation*available budget

available budget

5000

allocated budget to
buffer stock

Allocation Factor for Backup Buffer*available budget

allocated budget to
buffer stock

Allocation Factor for Backup Buffer*available budget

cost of additional
production capacity

(Unit cost of preparing additional production capacity*Maximum production
rate)

Operational Costs

(Operational unit cost*backup supplier supply rate)

cost of buffer stock

(Unit cost of preparing buffer stock*Vaccines used)




