
 

 

Since January 2020 Elsevier has created a COVID-19 resource centre with 

free information in English and Mandarin on the novel coronavirus COVID-

19. The COVID-19 resource centre is hosted on Elsevier Connect, the 

company's public news and information website. 

 

Elsevier hereby grants permission to make all its COVID-19-related 

research that is available on the COVID-19 resource centre - including this 

research content - immediately available in PubMed Central and other 

publicly funded repositories, such as the WHO COVID database with rights 

for unrestricted research re-use and analyses in any form or by any means 

with acknowledgement of the original source. These permissions are 

granted for free by Elsevier for as long as the COVID-19 resource centre 

remains active. 

 



Vaccine 39 (2021) 6876–6882
Contents lists available at ScienceDirect

Vaccine

journal homepage: www.elsevier .com/locate /vacc ine
Resource allocation for different types of vaccines against COVID-19:
Tradeoffs and synergies between efficacy and reach
https://doi.org/10.1016/j.vaccine.2021.10.025
0264-410X/� 2021 Elsevier Ltd. All rights reserved.

⇑ Corresponding author.
E-mail addresses: dkim608@gatech.edu (D. Kim), pelin.pekgun@moore.sc.edu

(P. Pekgün), inci.yildirim@yale.edu (_I. Yildirim), pinar@isye.gatech.edu
(P. Keskinocak).
Daniel Kim a, Pelin Pekgün b, _Inci Yildirim c, Pınar Keskinocak a,⇑
aH. Milton Stewart School of Industrial and Systems Engineering, Georgia Institute of Technology, Atlanta, GA 30332, USA
bMoore School of Business, University of South Carolina, Columbia, SC 29208, USA
cDepartment of Pediatrics, Section of Infectious Diseases and Global Health, Yale School of Medicine and Yale Institute of Global Health, 1 Church Street, New Haven, CT 06510, USA

a r t i c l e i n f o a b s t r a c t
Article history:
Received 22 January 2021
Received in revised form 8 October 2021
Accepted 12 October 2021
Available online 18 October 2021

Keywords:
Resource allocation
Vaccination
Disease modeling
COVID-19
Vaccine efficacy
Objective: Vaccine shortage and supply-chain challenges have caused limited access by many
resource-limited countries during the COVID-19 pandemic. One of the primary decisions for a vaccine-
ordering decision-maker is how to allocate the limited resources between different types of vaccines
effectively. We studied the tradeoff between efficacy and reach of the two vaccine types that become
available at different times.
Methods: We extended a Susceptible-Infected-Recovered-Deceased (SIR-D) model with vaccination, ran
extensive simulations with different settings, and compared the level of infection attack rate (IAR) under
different reach ratios between two vaccine types under different resource allocation decisions.
Results: We found that when there were limited resources, allocating resources to a vaccine with high
efficacy that became available earlier than a vaccine with lower efficacy did not always lead to a lower
IAR, particularly if the former could vaccinate less than 42.5% of the population (with the selected study
parameters) who could have received the latter. Sensitivity analyses showed that this result stayed
robust under different study parameters.
Conclusions: Our results showed that a vaccine with lower resource requirements (wider reach) can sig-
nificantly contribute to reducing IAR, even if it becomes available later in the pandemic, compared to a
higher efficacy vaccine that becomes available earlier but requires more resources. Limited resource in
vaccine distribution is significant challenge in many parts of the world that needs to be addressed to
improve the global access to life-saving vaccines. Understanding the tradeoffs between efficacy and reach
is critical for resource allocation decisions between different vaccine types for improving health
outcomes.

� 2021 Elsevier Ltd. All rights reserved.
1. Introduction The procurement and dissemination of vaccines, especially the
In December 2019, the novel coronavirus (SARS-CoV-2), which
causes coronavirus disease 2019 (COVID-19), was first detected
in Wuhan, China. As of October 2021, approximately 236 million
COVID-19 cases have been reported worldwide [1]. Despite the
development of effective vaccines at unprecedented speed and
high vaccination rates in some countries, vaccine availability
remains scarce and vaccination rates remain low in many
countries; for example, only approximately 2.3% of people in
low-income countries received at least one dose of vaccine as of
October 2021 [2].
mRNA vaccines, which require ultra-cold storage, have been partic-
ularly challenging in low-income countries [3,4]. Even before the
vaccines were produced, high-income countries had purchased or
reserved large amounts of vaccines [5]. Consequently, low- and
middle-income countries had difficulty in procuring vaccines early
and faced varying prices and unstable supply chains, similar to
what was also experienced during the 2009 H1N1 pandemic
[6,7]. Key ingredients, such as lipid nanoparticles used in the pro-
duction of high-efficacy mRNA vaccines have been in short supply
[8,9]. The limited availability of cold-chain storage and logistics
capacity can impede the distribution of mRNA vaccines in many
regions. By contrasts, non-mRNA vaccines, such as adenovirus-
vectored vaccines, can be transported and stored at lower temper-
atures, enabling easier distribution and broader reach with less
resources.
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In general, the procurement and distribution of mRNA versus
non-mRNA vaccines require more ‘‘resources” such as financial
resources, logistics and storage capacities, or healthcare facilities
and personnel. Limited vaccine supply in resource limited settings
and estimated vaccine shortage for 2022 are real daily life chal-
lenges that we have to resolve to improve the global access to
life-saving pandemic vaccine [10,11]. Hence, there is often a trade-
off between efficacy and reach across different vaccines because
the resource requirements impact the speed and reach of vaccine
distribution efforts, and, consequently, impact how many people
gain timely access to vaccination and the level of protection in
the population. A recent modeling study considered various effica-
cies for a single type of vaccine [12,13], and showed that the wider
reach (i.e., lower resource requirements) of the vaccine could result
in significant reductions in total infections.

The main goal of this study is to understand this tradeoff
between efficacy and reach while developing and deploying vac-
cine procurement and distribution plans, i.e., how to allocate lim-
ited resources between two types of vaccines: (i) a high efficacy
vaccine that becomes available earlier but requires more resources,
versus (ii) a low-efficacy vaccine that becomes available later but
requires less resources. We developed an extended Susceptible-In
fected-Recovered-Deceased (SIR-D) simulation model to analyze
and assess the impact of resource allocation decisions across two
types of vaccines on population health outcomes, such as the pro-
portion of the population infected during the course of the disease.
This study provides insights to decision-makers regarding resource
planning and allocation when multiple types of vaccines are avail-
able during a pandemic. The results suggest that prioritizing the
high-efficacy vaccine in resource allocation does not always lead
to the best health outcomes; under resource constraints, utilizing
a combination of high- and low- efficacy vaccines might reduce
the percentage of the population infected and reduce the infection
peak.
Fig. 1. Transmission diagram of the extended SIR-D model, in which the population
is stratified based upon the epidemiological status; bS; bA: Transmission rate due to
infectious contacts between a susceptible individual and either a symptomatic or
asymptomatic patient; eH ; eL: Efficacy of vaccine-H and vaccine-L; vH ; vL: ratio of
the daily vaccine capacity to the size of the susceptible population (i.e., vH ¼ aHkK=S
and vL ¼ aLK=S); /: Self-isolation rate; cS; cA: Recovery rate of a symptomatic or
asymptomatic patient; l: Death rate of a symptomatic patient.
2. Methods

2.1. Two types of vaccines

We considered two types of single-dose vaccines that become
available at different times. The vaccine with high efficacy
(vaccine-H) becomes available sooner than the vaccine with lower
efficacy (vaccine-L). A resource of K units is available daily (K = 1
million in the simulation), and a fixed proportion aH; aL 2 0;1½ � of
the capacity K is allocated to vaccine-H and vaccine-L, respectively,
where aH þ aL ¼ 1. For a given K, K people can receive vaccine-L
(i.e., one unit of resource is needed for one person to receive
vaccine-L), whereas only a kK people (k < 1) can receive vaccine-
H. We denote k as the reach ratio, where lower k values indicate
higher resource requirements for vaccine-H relative to vaccine-L.
Hence, given daily capacity K, reach ratio k, and allocation deci-
sions aH; aL ðaH þ aL ¼ 1Þ, the number of people who can receive
vaccine-H and vaccine-L daily are aHkK and aLK , respectively.

In the main scenario, we set the efficacy of vaccine-H at 90% and
vaccine-L at 70%, and vaccine-H becomes available three weeks
earlier than vaccine-L. We assumed that during the period when
only one vaccine type is available, any unused daily resources are
lost.

2.2. Compartmental epidemiological model

In the extended SIR-D model, each person is in one of the
following compartments at a given time: Susceptible (S),
Susceptible-i ðSi; i ¼ Hor L), Symptomatic-Infected (IS), Asymptomatic-

Infected (IA), Quarantined (Q), Vaccinated-i (Vi), Recovered (R), and
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Deceased (D). Susceptible (unvaccinated) population transitions to
one of the Symptomatic-Infected (IS) or Asymptomatic-Infected (IA)
compartments after infectious contact with either infected popula-
tion. Depending on the resource allocation decisions and vaccine
efficacy, a proportion of Susceptible population who receives
vaccine-i (i = H or L) transitions to Vaccinated-i (Vi), whereas the
others transition to Susceptible-i (Si; those who receive vaccine-i
but do not develop immunity). Symptomatic-Infected population
transitions to one of the Quarantined (Q), Recovered (R) or the
Deceased (D) compartments. Asymptomatic-Infected population
transitions to Recovered (R) compartment. The transition diagram
of the extended SIR-D model is depicted in Fig. 1.

The parameter values in the SIR-D model were chosen based on
the SARS-CoV-2 characteristics. The Centers for Disease and
Prevention (CDC) in the United States estimated that 70% of
COVID-19 infections are symptomatic (pS ¼ 0:7Þ [14]. The dura-
tions of the mean presymptomatic infectious period, the median
asymptomatic infectious period, and the mean time from symptom
onset to two negative RT-PCR tests are estimated as 6 days [15],
6.5–9.5 days, and 13.4 days [16], respectively. Hence, we set the
recovery rates of asymptomatic patients (cA) and symptomatic
patients (cS) at 1/8 and 1/16, respectively. The CDC reported that
the number of days from symptom onset to SARS-CoV-2 test
ranges between 0 and 4 days [14]. Considering the time until the
test result becomes available and the number of people getting
tested, we set the quarantine rate (/ ¼ 1=12), by which the symp-
tomatic infectious population (ISÞ move to the Quarantined com-
partment (Q). Infection fatality rate (IFR-S) for symptomatic
infectious population is estimated as 1.3% in the United States
[13] and lower in a typical low-income country with younger pop-
ulation [17,18]. Hence, we set the death rate (l) to be 0.0015, at
which IFR-S is approximately 1.07% in the simulations without
the vaccines. The infectivity of a disease, represented by reproduc-
tion number (R0), is estimated as 2.5 by [14]; the symptomatic-
transmission rate (bSÞ is set at 0.21 in the main scenario of the sim-
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ulation, and the asymptomatic-transmission rate (bA) is set at 75%
of the symptomatic-transmission rate [19].

We ran the simulation using R-software with a population
size of 330 million. Since our main goal is to analyze the impact
of resource allocation of multiple types of vaccines, we
started the simulation only after vaccine-H became available
(Day 1). For the initial population size (immediately before
vaccine-H becomes available) in each compartment, we set
S ¼ 94:86%; IS ¼ 1:02%; IA ¼ 0:58%; Q ¼ 0:34%; R ¼ 3:10%; and
D ¼ 0:01%, motivated by the COVID-19 statistics recorded on
December 14, 2020, the first day of the vaccine distribution in the
United States [20,21]. The simulation was run over a one-year
planning horizon with aH ¼ 0 to 1 (aH þ aL ¼ 1; increments of 0.1),
and k ¼ 0:005 to 0:995 (increments of 0.005).

We compared infection attack rate (IAR) as the main health out-
come, peak day (the day when the peak infections occur), and peak
percentage (percentage of the population that is newly infected on
the peak day) under different scenarios to evaluate the impact of
the resource allocation decisions.

In addition to the main scenario, we performed extensive sensi-
tivity analyses.We simulated 21 additional scenarios with different
1) infectivity of the disease with reproduction numbers
ðR0 ¼ 2;2:25;2:75 and 3) and corresponding transmission rates, 2)
timing when vaccine-L becomes available within the range of 0 to
8 weeks after vaccine-H becomes available (increments of 1 week),
and 3) efficacy levels of vaccine-H within the range of 85% to 95%
(increments of 1%). We also assessed six alternative scenarios, in
which 1) vaccine-H becomes available within the range of 1 to
4 weeks after vaccine-L becomes available (increments of 1 week;
four scenarios), and 2) the initial population size of each compart-
ment is different from the main scenario (two scenarios).
3. Results

In the main scenario, in the absence of vaccines, approximately
50.18% of the population is infected, the peak day is 39 (from the
start of the vaccination), and the peak percentage is 0.65%.
3.1. Infection attack rate

Table 1 and Fig. 2 show the IAR under different reach ratios
and resource allocation decisions. When the reach ratio is low,
Table 1
Infection attack rate (IAR) in percentage unde
and reach ratios.
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i.e., k � 0:425: (i) Allocating all resources to vaccine-L (i.e.,
aH ¼ 0; aL ¼ 1) minimizes the IAR. (ii) Comparing the optimal allo-
cation aL ¼ 1 to allocating all resources to vaccine-H (aH ¼ 1), the
difference between the IARs under aL ¼ 1 and aH ¼ 1 increases as
k decreases. For example, when k ¼ 0:2 and k ¼ 0:425, the differ-
ences in IAR are 4.83% and 0.293%, respectively, corresponding to
approximately 16 million infections (Figure S1) and 0.97 million
infections that could have been averted by allocating all the
resources to vaccine-L versus vaccine-H.

When k � 0:455, allocating the resources entirely to vaccine-H
(i.e., aH ¼ 1; aL ¼ 0) minimizes the IAR. When the reach ratio falls
within 0:425 � k � 0:455, the resources are allocated between
vaccine-L and vaccine-H, with the allocation to vaccine-H increas-
ing in k. Fig. 3 presents contour plots of IAR under various k and aH
values.

3.2. Peak percentage

Table 2 shows the peak percentage under different reach ratios
and resource allocation decisions. The peak percentage is mini-
mized by allocating all resources to vaccine-L and vaccine-H when
k � 0:165 and k � 0:21, respectively; when 0:165 � k � 0:21, peak
percentage is minimized by splitting the resources between the
two types of vaccines.

3.3. Alternative scenarios

The simulation results of the alternative scenarios with differ-
ent vaccine efficacies, timings and infectivity of the disease are
reported in Supplementary Materials. We observed a similar pat-
tern as in the main scenario in all alternative scenarios. In addition,
compared to the main scenario, the maximum k below which allo-
cating all resources to vaccine-L minimizes the IAR is lower when
the efficacy of vaccine-H is higher, the timing of vaccine-L’s avail-
ability is delayed, or the infectivity of the disease is higher. In con-
trast to the main scenario, if vaccine-H becomes available later
than vaccine-L, specifically by more than a week, allocating all
resources to vaccine-L minimizes the IAR for all k < 1.

4. Discussion

In this study, we developed an extended SIR-D simulationmodel
and examined the impact of resource allocation decisions across
r different resource allocation decisions



Fig. 2. Infection attack rate (IAR) under different resource allocation decisions (with different reach ratios k ¼ 0:425;0:43;0:435;0:44;0:445;0:45; and 0:455 from top to
bottom).

Fig. 3. Contour plot of infection attack rate under different reach ratios (k) and resource allocation decisions (aH).
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two types of vaccines, namely, a high efficacy vaccine (vaccine-H)
that becomes available earlier during the pandemic but requires
more resources, and a lower efficacy vaccine (vaccine-L) that
becomes available later and requires less resources (i.e., has wider
reach). For each unit of resource, one person can be vaccinated with
vaccine-L whereas k < 1 person can be vaccinated with vaccine-H,
where k is defined as the reach ratio. The higher the reach ratio,
the wider the distribution of vaccine-H relative to vaccine-L given
6879
limited available resources. Our results show that the allocation
of limited resources across two vaccine types depends heavily on
both the vaccine efficacies and the reach ratio; in particular, there
are many scenarios where allocating part or all of the resources to
the low efficacy vaccinemight lead to better outcomes as measured
by the infection attack rate or the peak percentage.

The resource allocation decision is complex due to the tradeoff
between efficacy and reach. The more the resources allocated to



Table 2
Peak percentage under different resource allocation decisions and reach ratios.
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vaccine-H, the lower the resources remaining for vaccine-L and the
lower the total number of people vaccinated (since vaccine-L
requires less resources to vaccinate each person). Thus, the reach
of vaccine-H needs to be above a certain threshold for it to receive
some of the resources.

Our results identified a clear threshold of the reach ratio below
which allocating resources entirely to vaccine-L (i.e., aL ¼ 1) mini-
mizes the IAR. With the selected parameters in the main scenario,
the threshold was k ¼ 0:425, indicating that if vaccine-H reaches
42.5% or less of the population who could have received vaccine-
L, then vaccine-H is highly resource-intensive (Table 1 and Fig. 2).
When vaccine-H receives some resource allocation, due to its ear-
lier availability and higher efficacy, more people can get vaccinated
and build full immunity in the earlier stages of the disease trans-
mission. However, due to its lower reach level, the rate of decrease
in the number of daily infections over time is lower than the rate
when the resources are allocated entirely to vaccine-L, which leads
to an overall higher IAR in the long term.

While vaccine-L is preferred over a highly resource-intensive
vaccine-H, allocating the resources to vaccine-H may achieve a
lower IAR when the infectivity of the disease is more severe.
Non-pharmaceutical interventions, such as social distancing, mask
usage, and school closure, have been deployed during a pandemic
and found to be effective in reducing the reproduction number
[22–27]. Depending on the various interventions and the disease’s
unique infectivity level, different resource allocation decisions
need to be made. Our results showed that when the infectivity
was high, the implementation of a prompt intervention with
vaccine-H was required to prevent a large-scale infection, and,
therefore, the threshold of the reach ratio was lower than that in
the main scenario (Table S2). This result is consistent with the find-
ings of [24], where the authors studied the impact of the imple-
mentation of both non-pharmaceutical interventions and a single
vaccine type with varying efficacy and coverage.

The timing of vaccine availabilities also influences the threshold
of the reach ratio and subsequently the resource allocation deci-
sions. When the timing of vaccine-L’s availability got delayed, we
observed that even when it became available after the peak day,
the threshold of the reach ratio was lower than that in the main
scenario (Table S3 and Fig. S2). This indicates that vaccine-H
should receive the entire resources since wider infection control
with vaccine-L becomes difficult as many get infected until it
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becomes available. In contrast, when vaccine-H became available
later than vaccine-L, by more than a week, vaccine-H should
receive some resource allocation only when the reach ratio is
k � 1, requiring the reach of vaccine-H at least as wide as that of
vaccine-L (Table S5). Duijzer et al. (2018) performed an analytical
analysis of the resource allocation to two types of vaccines with
different efficacies and time of availabilities using a simple SIR
model [28]. Under the setting in which vaccine-H became available
later than vaccine-L and both vaccines had the same reach levels,
they showed that allocating the resources entirely to the vaccine
with the earlier availability was favored if the later vaccine became
available too late, which is consistent with the results of our alter-
native scenarios.

In addition, we observed a lower threshold for the reach ratio
when the availabilities of both vaccines got delayed. Many low-
and middle-income countries receive their first batches of vaccines
much later – after the disease has already spread widely. During
this delay-period, the active and cumulative numbers of infection
increase, putting the more susceptible population at risk of infec-
tion. Consequently, allocating more resources to the resource-
intensive vaccine-H, which becomes available early, may bring lar-
ger health benefits than vaccine-L (Table S6 and S7). Thus, despite
the difference in the efficacy levels of each vaccine type, depending
on the timing of availability and the reach ratio, the decision of
which vaccine type should be allocated more resources to mini-
mize the IAR changes significantly. Policymakers must consider
the timing of availability for each vaccine type and see if the reach
of the later vaccine is wide enough to slow down the infections
that are expected to occur during the delay-period.

While the effort of developing a higher efficacy vaccine is signif-
icant, our study showed that the impact of increasing efficacy level
for vaccine-H gradually diminishes, and a greater health benefit
can be achieved if more effort is exerted on achieving a wider
reach. As the efficacy of vaccine-H increases, a lower level of IAR
is achieved as more people are likely to become fully protected
against the disease upon the vaccination (Figure S3). However,
the rate of the reduction in IAR decreases in the efficacy for
vaccine-H, and a relatively large reduction in IAR rather be
achieved via increasing the reach ratio (Figure S4). If a decision-
maker has the means of increasing the reach ratio by either reduc-
ing the resource requirements of vaccine-H relative to vaccine-L or
increasing its capabilities to cover more individuals with vaccine-H
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given the resource requirements, this is always beneficial as it
increases the number of vaccinated people with a limited amount
of resources.

Increasing the reach ratio, however, may imply different levels
of complexity depending on how it is defined in a given context.
For example, low-income countries generally suffer from supply
chain challenges (manufacturing, distribution, and storage) of vac-
cines against various diseases [29–32]. Many low- and, even,
middle-income countries have faced supply chain challenges even
more during the COVID-19 pandemic since mRNA vaccines, which
are more effective and became available sooner than the other vac-
cine types, similar to the vaccine-H in our model, are produced
based on a new vaccine technology and require colder tempera-
tures than influenza vaccines [33,34]. On the other hand, the
potential solutions to these challenges, such as sharing vaccine
technology with low- and middle-income countries and establish-
ing an advanced cold-chain infrastructure, and, therefore, increas-
ing the reach ratio, could be costly and time-consuming [35]. Such
scenarios would correspond to the low values of the reach ratios in
our models, where a decision-maker may not have much capability
to change those ratios but treat as given. In such a case, the
decision-maker can still minimize IAR by allocating more of its
available resources to the lower efficacy vaccine given its potential
wider reach, rather than putting a significant effort into trying to
incrementally increase the reach ratio and allocate resources to
vaccine-H (Fig. 3). This also implies that if some individuals must
be vaccinated early (e.g., frontline workers) but vaccine-H is too
resource-intensive, the decision-maker should procure the small-
est amount of vaccine-H that is enough to cover those individuals,
which still results in a smaller IAR than investing the entire
resources into vaccine-H and/or putting effort into increasing the
reach ratio slightly.

Similar to the case of minimizing the IAR, our results identified
the thresholds of the reach ratio, below which allocating the
resources entirely to vaccine-L minimizes the peak percentage.
However, this threshold is a lot smaller than the threshold that
minimizes IAR (Table 2 and Figure S1). The implementation of
effective vaccines as early as possible reduces the number of sus-
ceptible populations who could have had infectious contacts if
the vaccines were not available. This leads to a slower rate of infec-
tions and a ‘‘flattened” curve of the pandemic [36]. When minimiz-
ing the peak percentage, policymakers often focus on the health
benefits in the short-term, hoping the intervention prevents a
large-scale infection within a small time of period rather than
the overall infection levels throughout the course of the disease.
If vaccine-H is moderately resource intensive so that allocating
resources to vaccine-H minimizes the peak percentage but not
the IAR, policymakers must make the resource allocation decision
carefully according to the goal of the vaccination program. If the
goal is to lower the peak percentage such that it would not exceed
the local healthcare capacity but at the same time to reduce the
infection levels over the long term, they may choose to allocate
some resources to both vaccine types.

We acknowledge some limitations of this study. In our model,
we used a simple compartment model to evaluate different strate-
gies of resource allocation between different vaccine types without
confounding the model with the effects of other interventions.
However, the model can be extended to reflect disease transmis-
sion under such settings. In addition, our extended SIR-D model
does not fully capture the potential trajectory of an infectious dis-
ease over its lifetime. There could be additional stages (compart-
ments), such as presymptomatic infected individuals who are
exposed to the virus but do not develop symptoms yet or diag-
nosed/undiagnosed individuals who are infected, get tested, and iso-
late themselves upon their decisions. Another model extension
could be temporarily separating individuals who strictly follow
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non-pharmaceutical interventions from the susceptible popula-
tion. Individuals who decide to stop conforming to the interven-
tions may re-enter the susceptible populations during a
pandemic, as considered in [37]. Some other extensions include a
phased rollout of vaccines, instead of an immediate deployment
as in our model, and different number of doses each vaccine type
requires, etc.

Overall, our results suggest that allocating limited resources
towards a vaccine with high efficacy that becomes available earlier
than a vaccine with lower efficacy may not always result in
increased benefits of a vaccine upon its implementation, especially
if the latter can be distributed more widely. In fact, this may result
in a significant deterioration in the infection attack rates if the
high-efficacy vaccine is highly resource intensive, relative to the
low-efficacy one, such that only a few people can be vaccinated
each day. Therefore, identifying the resource intensity for each vac-
cine type as a function of their efficacy levels, timelines, and dis-
ease characteristics, is critical for resource allocation decisions, as
there is a clear threshold for which vaccine type should be favored,
and a significant improvement in health outcomes can be achieved.
Manufacturing an mRNA-based vaccine is based on a new vaccine
development technology and disseminating the vaccine have been
challenging due to its stringent supply-chain requirements, espe-
cially in resource-limited countries. Improving the global access
to life-saving vaccines by not only building a suitable infrastruc-
ture for effective distribution and storage of mRNA-based vaccines
but also considering the tradeoffs and synergies between efficacy
and reach is critical. We hope that this study can provide guidance
to decision-makers in their resource planning for different vaccine
types to better prepare for future pandemics.
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