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ABSTRACT

The study examines the effectiveness of various vaccination strategies against COVID-19. These strategies can
be tailored to specific demographic and regional needs, enhancing vaccination outcomes and contributing to
global pandemic control efforts. The study aims to analyze the effectiveness of COVID-19 vaccination strategies,
aiming to inform evidence-based public health policies and optimize vaccine distribution and deployment for
pandemic control. A comprehensive search strategy was used to identify randomized controlled trials from
2014-2024, excluding low-quality and unrelated studies. Data extraction techniques were used to evaluate bias
and methodological quality. The study reveals that COVID-19 vaccination strategies can impact the effectiveness
and outcomes of vaccination. Longer intervals and a conditional policy lead to lower cumulative mortality.
A booster strategy for the Oxford-AstraZeneca vaccine showed increased efficacy with a 12-week interval. A
flexible-dose allocation strategy could prevent 23% to 29% more COVID-19 cases compared to a fixed strategy.
Single-dose and two-dose vaccines showed different effectiveness, with single-dose vaccines having 55% and
two-dose vaccines having 95%. Delayed second doses could reduce ICU admissions. Age-based allocation
prioritization reduced mortality, while degree-based strategies reduced infections, hospitalizations, and deaths
more effectively. BNT162b2 and ChAdOx1 nCoV-19 were most effective against asymptomatic infection and

hospitalization. The findings provide valuable insights for optimizing COVID-19 vaccination strategies.
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Introduction

The COVID-19 pandemic has led to the rapid development and
deployment of vaccines to combat the virus and reduce morbidity and
mortality [1]. Since the first vaccines were introduced in late 2020,
vaccination strategies have been refined to maximize public health
benefits [2].Vaccination strategies have evolved to reduce infection
rates, prevent severe illness, and achieve herd immunity. Key consid-
erations include immunogenicity, efficacy, real-world effectiveness,
public health impact, and demographics [3]. Standard dosing inter-
vals, established in clinical trials for vaccines like Pfizer-BioNTech
(BNT162b2) and Moderna (mRNA-1273), have been effective in pro-
viding early protection and reducing severe cases and hospitaliza-
tions [4]. Shorter intervals allow for quicker vaccination campaigns
but may require more frequent boosters [5]. Extended intervals in
booster doses can improve logistical efficiency and public compli-
ance. They also enhance immunogenicity, with higher antibody levels
and stronger T-cell responses [6]. Mixed vaccine schedules are being

explored for flexibility and immune response enhancement, showing
comparable or superior immunogenicity to homologous schedules,
with some combinations showing enhanced protection against vari-
ants [7]. Booster doses are crucial in COVID-19 vaccination strategies
to maintain or enhance immunity against new SARS-CoV-2 variants.
They rejuvenate the immune system’s memory, increase antibody ti-
ters, and restore strong immune responses [8]. Booster strategies can
be homologous or heterologous, targeting specific variants [9].

Effective booster strategies reduce the risk of symptomatic in-
fection, severe disease, and hospitalization, ensuring global vaccine
equity [10]. Alternative dosing strategies like dose-sparing, extended
intervals, and heterologous schedules can improve COVID-19 vacci-
nation efforts, despite supply constraints and logistical challenges
[11]. Delaying the second dose of COVID-19 vaccines can enhance
immunogenicity and manage supply constraints, but requires care-
ful consideration of demographics, continuous monitoring, and clear
public communication [12]. Effective COVID-19 vaccine deployment
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requires a well-planned prioritization strategy, focusing on vulnera-
ble populations, maintaining healthcare capacity, and reducing trans-
mission. Continuous adaptation and equity-focused approaches max-
imize vaccine benefits across all population segments [13]. Research
on COVID-19 vaccination strategies is crucial for improving public
health outcomes and optimizing immunization protocols. Key gaps
include long-term effectiveness, effectiveness against emerging vari-
ants, real-world effectiveness in diverse populations, mixed vaccine
schedules, delayed dosing intervals, pediatric and adolescent vaccina-
tion strategies, booster doses, vaccine-induced immunity vs. natural
immunity, socioeconomic and behavioral factors, and global equity
and accessibility. Addressing these gaps will provide a comprehensive
understanding of different vaccination strategies, enabling informed
public health decision-making. Understanding strategies helps poli-
cymakers make informed decisions to enhance the global response to
the pandemic and prepare for future public health challenges.

Methodology
Research Question

Research Question: Based on the research gap described, here
are some potential research questions:

“What is the comparative effectiveness of different COVID-19 vac-
cination strategies, including variations in dose intervals and the use
of mixed vaccine schedules, in terms of immunogenicity, efficacy, and
real-world effectiveness across diverse demographic groups and geo-
graphic regions?”.

Development of Search Strategy: To develop different search
combinations, Boolean operations such as “OR” and “AND” were used
using the keywords mentioned. A detailed search strategy was em-
ployed in which appropriate keywords and database-specific key/in-
dexing terms were used related to “vaccination” OR “vaccine strategy”
AND “comparative effectiveness” OR “pandemic control”. PICO criteria
were used to formulate the research question to specify population
problem, intervention, comparison (if any), and outcomes that were
evaluated and considered in the analysis and synthesis of evidence.
PICO criteria were followed.

Population and Problem: Individuals eligible for COVID-19 vac-
cination, including various demographic groups such as age, comor-
bidities, and geographical regions.

Intervention: Comparative evaluation of different vaccination
strategies, including variations in dose intervals (extended vs. stan-
dard intervals) and the use of mixed vaccine schedules (heterologous
vs. homologous regimens),booster strategies, alternate doses, single
and two-dose vaccinations, and prioritization.

Comparison: Comparison of different vaccination strategies
against each other and/or against a standard reference, assessing
their relative effectiveness in terms of immunogenicity, vaccine effi-
cacy, and real-world effectiveness.

Outcomes: The article discusses the concept of immunogenicity,
its real-world effectiveness, and its demographic impact.

Inclusion and Exclusion Criteria: The studies on ethical impli-
cations of Al in patient care decisions, autonomy, data privacy, and
informed consent. It includes randomized controlled trials, obser-
vational studies, meta-analyses, and real-world evidence studies in-
volving human participants who have received COVID-19 vaccines.
The studies should evaluate vaccination strategies, compare effec-
tiveness, and report immunogenicity outcomes, vaccine efficacy, and
real-world effectiveness. The studies should be published in English
or with available translations and published between 2019 and 2024.
Exclusion criteria include studies reporting irrelevant outcomes, non-
peer-reviewed publications, animal studies, non-human subjects, and
studies on COVID-19 vaccination strategies, vaccine hesitancy, distri-
bution logistics, lack of comparison groups, and studies not available
in English or with accessible translations. The studies should be pub-
lished before a specified cutoff date to ensure relevance.

Database Search and Selection: A search was conducted on
several electronic databases, such as Embase, PubMed, and Cochrane
Library. The abstracts and title pages of publications were screened
to assess their relevance to the review topics, as well as to determine
whether they met the requirements for inclusion or exclusion. Rel-
evant studies were obtained by thoroughly examining the complete
text and evaluating their appropriateness for inclusion. Use con-
trolled vocabulary and keywords, and use Boolean operators to con-
struct search queries. Report the findings, and discuss implications
for healthcare practice, policy, and future research directions.

Data Extraction: A well-structured data extraction form was es-
tablished for the collection of the appropriate information from the
included studies. The data was extracted focusing on the Comparative
Effectiveness of Vaccination Strategies against COVID-19

Quality Assessment:

Cochrane Risk of Bias Tool (ROB): The Cochrane Risk of Bias
tool (ROB) is a systematic approach used in Cochrane Reviews to
assess the likelihood of bias in randomized controlled trials (RCTs).
The tool evaluates many elements of trials, such as random sequence
generation, allocation concealment, blinding of participants and staff,
blinding of outcome assessment, insufficient outcome data, and se-
lective reporting. Bias is categorized into three classifications: low,
high, or unclear risk. This categorization method enables a thorough
review of the research’s strengths and limitations, as well as an as-
sessment of the degree of trust one has in the results [14].

Analysis and Synthesis of Data: The synthesis of the extract-
ed data was done narratively and results regarding the Comparative
Effectiveness of Vaccination Strategies against COVID-19 were orga-
nized systematically. Subgroup analyses and sensitivity analyses were
performed where applicable.
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Interpretation of Results: The results were interpreted based on
the strengths and restrictions of the studies included in the systemat-
ic review. Practical implications and research gaps in the knowledge
are explained along with potential suggestions for future research.

Report Writing: The systematic review manuscript was devel-
oped using the guidelines of Figure 1: PRISMA Chart (Preferred Items
for Systematic Review and Meta-Analysis).The paper was organized
under proper headings such as Introduction, Methodology, Results,
Discussion, and Conclusions.

Studiez included in review
(n=135)

Figure 1: Prisma Chart.

Interpretation of Studies Included in Systematic
Review

Table 1 explains the reason to Excluded studies. Excluded studies
are essential for transparency, identifying relevant literature, assess-
ing eligibility criteria, identifying methodological trends, assessing
sensitivity analysis, providing contextual information, and resolving
conflicts. They enhance the process by providing insights into the re-
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search process, identifying gaps in the literature, and facilitating dis-
cussions on study eligibility. Several factors led to the exclusion of the
research, including Duplicate Data [15], Inadequate Reporting [16],
Lack of Relevance [17,18], and excluded Study Design such as system-
atic review [19,20]. The systematic review summarized in Table 2 en-
compasses a variety of studies examining different COVID-19 vaccina-
tion strategies, their effectiveness, and their impacts. (Liu, et al. [20])
evaluate the strategies of using different dose intervals for COVID-19
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vaccination. They concluded that longer dose intervals were more
effective than short dose intervals in terms of reducing mortality at-
tributed to several immunological factors in terms of B-cell matura-
tion and Antibody Production. (Moghadas, et al. [21-22]) to find the
effectiveness of the length of time between getting the first and sec-
ond COVID-19 vaccine shots using a dose strategy for vaccines like
Moderna Pfizer-BioNTech. They concluded that increasing the length

of time between vaccine doses improves hospitalization, and reduces
mortality, however, to reduce infection the efficacy and mechanism
of the first dose of vaccine is important such as for AstraZeneca Vac-
cine8-12 weeks intervals while for mRNA vaccines like Pfizer-BioN-
Tech and Moderna, where a 12-week interval delay is important to
reduce disease severity while 9 weeks interval delay is important in
reducing hospitalization and death but not disease severity.

Table 1: Explain the reason to Excluded studies. Excluded studies are essential for transparency, identifying relevant literature, assessing

eligibility criteria, identifying methodological trends, assessing sensitivity analysis, providing contextual information, and resolving conflicts.
They enhance the process by providing insights into the research process, identifying gaps in the literature, and facilitating discussions on
study eligibility. Several factors led to the exclusion of the research, including Duplicate Data [15], Inadequate Reporting [16], Lack of Relevance

[17,18], and excluded Study Design such as systematic review [19,20].

Sr.No

Objectives

Finding

Reason of Exclusion

Mallick, et al. [15]

This paper proposes two MAGDM methodol-

ogies, based on TOPSIS and VIKOR strategies

under QNN theory, for evaluating COVID-19
vaccine selection.

The study discusses new operation proper- Inadequate Reporting

ties, develops TOPSIS and VIKOR strate-

gies, and applies them to rank COVID-19 Studies with insufficient data
vaccines, evaluating their reliability and or lack of detail in methods,
effectiveness. results, or statistical analysis.

Reindl Schwaig-
hofer, et al. [16]

To estimate the assessment of COVID-19
various dosing intervals.

A study of 197 kidney transplant recipients
found that 39% developed SARS-CoV-2
antibodies after the third vaccine, with no
significant difference between groups.

Lack of Relevance

The study does not investigate
the specific intervention or
exposure of interest.

Various vaccine strategies, including inac-

Topuzo Gullari, et
al. [18]

The study provides insights into the design
strategy and studies for an epitope-based
peptide vaccine against COVID-19.

ized by low cost, easy modification, and

. . . . tivated, mRNA-based, recombinant, and Study Design: Exclusion of

This systematic review examines the effec- iclo-based beine developed dv desi hat d fi
Khandker, et al. [17] tiveness and issues of COVID-19 vaccine hanoparticle-based, are being develope study designs that do not fit
¢ : inst SARS-CoV-2, with mRNA vaccines the review’s criteria (e.g. Sys-

strategies against 4 . . la(e.g. oy

’ showing better efficacy and fewer side tematic review).
effects.
Epitope-based peptide vaccines, character- Lack of Relevance

safety, are being explored for their potential | The study does not investigate
to prevent COVID-19 transmission and limit the specific intervention or

outbreaks.

exposure of interest.

Fiolet, et al. [19]

This study aimed to provide a comprehen-
sive comparative analysis of the characteris-
tics, adverse events, efficacy, effectiveness,
and impact of the variants of concern for 19
COVID-19 vaccines.

All COVID-19 vaccines were effective
against the original strain and variants, with
BNT162b2, mRNA-1273, and Sputnik V
having the highest efficacy. mRNA vaccines,
AZD1222, and CoronaVac were effective
against Alpha, Beta, Gamma, and Delta

Study Design: Exclusion of
study designs that do not fit
the review’s criteria (e.g. Nar-
rative review).

variants.
Note: Excluded studies.
Table 2: Included studies.
Sr.No suthoy Objectives Stu.d Y Vaccine Vaccmal:don Findings
year Design Strategies

The study found that using a conditional policy

. based on vaccination goals, such as completing one
. To estimate the assessment Random- .
Liu, etal. . . . . Dose Inter- age group before starting the second, led to longer
of COVID-19 various dosing | ized Clini- - . . .
[20] intervals cal Trial vals dose intervals and lower cumulative mortality,
' while a 4-week interval resulted in the largest
mortality.

The study found that vaccine efficacy increased
To estimate the effectiveness Random- after two standard doses, from 55.1% to 81.3% with
Hung [21] of the vaccine is adminis- ized Clini- Oxford-As- Booster an interval of at least 12 weeks. A single dose had

8 tered as a single dose, fol- cal Trial traZeneca Strategy 76.0% efficacy against symptomatic COVID-19 in
lowed by a 12-week booster. the first 90 days, but no protection against asymp-
tomatic infection.
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The U proposes two dose The flexible strategy, if implemented with a steady
allocation strategies for con- . Iv of & million d. Kk 1d
strained COVID19 vaccine vaccine supply of 6 million doses per week, cou

. s o Random- . prevent 23% to 29% of COVID-19 cases compared
Tuite, et al. | supply: fixed 50% for second | . L Alternative . .. e
. o ized Clini- - to the fixed strategy. This is because 24 million
[22] doses, flexible 10% for the - Dose . .
) o cal Trial people received at least one dose by the eighth
first three weeks, 90% for the et " .
o week, and 2.4 million additional people received
next three weeks, and 50% . :
two doses in the flexible strategy.
afterward.
The study evaluated the per- The m(?del suggests that a single-dose vaccine
P . . with 55% effectiveness can stop as many cases as
ormance of single-dose and Single Dose . . o .
Palti . . Random- a two-dose vaccine with 95% effectiveness. If the
altiel, et | two-dose vaccine candidates | . .. And Two- . .
ized Clini- - . outbreak worsens, a lower-effective single-dose
al. [23] over 6 months on cumula- - Dose Vacci- . . -

o . cal Trial . vaccine could also achieve result parity. Therefore,
tive infections, deaths, and nation R in f . .

eak hospitalizations. aggressive 1nvestme_nt n aste.r-aqmg,. convenient
P 1-dose vaccines remains justified.
The study reveals that a delay of 9 weeks in Mod-
The studv aims to determine Mod vaccination erna and Pfizer-BioNTech vaccines prevented 0.69
M ol . Random- oderna strategies hospitalizations, and 0.34 deaths compared to the
oghadas, | the optimal delay duration | . L . .
. ized Clini- X . with a de- recommended interval. However, there was no
etal. [24] | between the first and second - Pfizer-BioN- : . . .

. cal Trial layed second clear advantage of Pfizer-BioNTech in reducing

COVID-19 vaccine doses Tech

’ dose infections unless the first dose’s efficacy remained
unchanged.
The model suggests that a 12-week delay in the
second dose of an infection-blocking vaccine with a
The study aims to determine vaccination ggsr;dssig(f)ﬁczgylgf 7601‘/10’15101?(12 gff(i?CZ%(I)(iig asdr"}lﬁ?;
. Y - Random- strategies Y peope p - ys:
Silva, etal. | the optimal delay duration | . L . delay is dependent on the vaccine mechanism of
. ized Clini- - with a de- . - - . . -
[25] between the first and second cal Trial laved second | 2ction and first-dose efficacy. For infection-blocking
COVID-19 vaccine doses. y dose vaccines with a 50% first-dose efficacy, the second
dose can be delayed by 8 weeks, while symptom-al-
leviating vaccines require a delay of 70% first-dose
efficacy.
The study found that vaccine efficacy increased
The study examines the over 14 days after the second dose to 66.7%, with no
Vovsev. et impact of extending the Random- ChAdOx1 Booster serious adverse events. The study also found that
ySey, time between priming and ized Clini- nCoV-19 vaccine efficacy was higher in participants with a
al., [26] priming Strate y & particip
M boosting doses on immunity cal Trial (AZD1222) 8y longer prime-boost interval, with binding antibody
and effectiveness. responses being more than two-fold higher after 12
or more weeks.
CoronaVac
(€V)
The study analyzed the Random- Although AZ homologous vaccination is more
Anupong, effects of Mixed Vaccine ized Clini- Mixed Vac- | effective than CV homologous vaccination, combin-
etal. [27] strategy and rollout speeds cal Trial cine ing CV and AZ vaccines through parallel or heterol-
on vaccination ChAdOx1 ogous vaccinations is more effective.
nCoV-19
(AZ)
The study found that direct vaccination of adults
over 60 years of age significantly reduced mortality
The study highlights the Age-Based when transmission was high. Lower transmission
Bubar. et importance of COVID-19 Random- Allocation vaccination of adults aged 20 to 49 years also
al [2/8] vaccines being dynamically | ized Clini- - Prioritization | reduced mortality and YLL. The mortality-minimiz-
i prioritized for essential age cal Trial ing strategy shifted from prioritizing adults aged
groups. 20 to 49 years to those aged 20+ or 60+ years when
rollout speeds were at least 0.3% per day and vac-
cine supply covered at least 25% of the population.
A d The priority of younger essential workers leads to
Th L ge—Ba§e control spread and older adults to directly control
e study highlights the Allocation . SRR .
importance of COVID-19 Random- Prioritizati mortality.Prioritization can minimize deaths by
Buckner, et p . X . .. rioritization averaging between 20,000 and 300,000. This optimal
vaccines being dynamically | ized Clini- - OO e . .
al. [29] S . - prioritization is sensitive to factors like vaccine
prioritized for essential age cal Trial ffecti | S d initial
roups. 'e ect}veness, S}lpp y, trans_rnlsswn rate, an 1n1t{a
& infection magnitude, affecting the overall mortality
rate.
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The study investigates the Degree-Based
allocation of COVID-19 vac- Allocation T.h < prpposed de'gre'e-ba'sed strategy can reduce
R L. Random- infections, hospitalizations, and deaths by 3-6
Chen, et al. cines to individuals based . .. (Number i . .
ized Clini- - . million compared to age-based allocation, especial-
[30] on the structural character- - Of Social . . . .
L ; . cal Trial . ly in resource-poor countries with lower vaccine
istics of their social contact Contacts) Pri- s o
e availability and slower distribution.
network. oritization
1.BNT162b2 BNT162b2 and ChAdOx1 nCoV-19 vaccines
The study aims to assess the 2.BBIBP- demonstrated higher effectiveness against asymp-
Abdel-Qa- officac 0¥ four vaccine tvpes Random- -CorV Tvpes of tomatic COVID-19 infection and hospitalization
der, et al. acy YPeS 1 ized Clini- ype compared to BBIBP-CorV and ChAdOx1 nCoV-19.
against COVID-19 outcomes - . vaccine . - . -
[31] “n the eeneral population cal Trial 3.Sputnik V These vaccines also induced high levels of immu-
g pop ) 4.AstraZe- nology markers within one month of vaccination,
neca reducing the risk of death.
1.two-dose
schedules
ChAdOx1 +
BNT162b2
S This study examines the and Coro- . Results show that two-dose heterologous prime-
uphan- ffecti f different | ondom- Vac + Mixed boost regi ided the highest protecti
chaimat, et effectiveness of differen ized Clini- naVac Vaccine 0ost regimens provided the highest protection,
al [32’] vaccine regimens against the cal Trial BNT162b2,2. Schedules while three-dose schedules showed high vaccine
’ SARS-CoV-2 three-dose effectiveness.
schedules
(CoronaVac
+ CoronaVac
+ ChAdOx1)
The study found that a booster dose of the SARS-
The study investigates the CoV-2 vaccine given 175 days after the initial
W efficacy of administering Random- vaccine administration resulted in higher levels of
ang et | o booster doses at dif- | ized Clini Booster tralizing antibodi d to a shorter i
al. [33] wo booster doses at dif- ized Clini- - Strategy neutralizing antibodies compared to a shorter in-
ferent intervals to improve cal Trial terval. This suggests that a longer interval between
vaccine protection. booster doses may provide better protection against
the virus.
The study assessed the All COVID-19 vaccines had a total effectiveness of
effectiveness of various Moderna 71% after the first dose, 91% after the second, and
COVID-19 vaccines, Random- AstraZeneca 81% after the first and second doses. The Moderna
Soheili, et including AstraZeneca, ized Clini- Types of vaccine had the highest effectiveness, followed
al. [34] Pfizer, Moderna, Bharat, cal Trial Pfizer vaccine by AstraZeneca, Pfizer, and Bharat. nRNA-based
and Johnson & Johnson, to COVID-19 vaccines demonstrated the highest
assess their immunogenicity, Bharat. total efficacy and effectiveness compared to other
benefits, and side effects. vaccines.

(Hung, et al. [23-25]) estimate the effectiveness of adding a boost-
er dose strategy in improving Covid. Antibody levels can rise substan-
tially after a booster dose, providing enhanced protection against the
virus. Viral agentsevade immunity from the initial vaccine series, but
booster doses enhance the immune response’s potency, enhancing
neutralization by increasing Antibody levels. The study also found
that vaccine efficacy was higher in participants with a longer first
dose-booster dose interval, with binding antibody responses being
more than two-fold higher after 12 or more weeks. Such as Oxford-
Astra Zenecasingle dose had 76.0% efficacy against symptomatic
COVID-19 in the first 90 days, while efficacy increasedfrom 55.1% to
81.3% with a booster dose given after at least 12 weeks. Voysey, et al.
[24] found that a booster dose of the SARS-CoV-2 vaccine given 175
days resulted in higher levels of neutralizing antibodies compared to a
shorter interval. Tuite, et al. [26] evaluate Alternative dose strategies

such as fixed and flexible strategies for COVID-19 vaccine-enhanced
immune responses, and better resource utilization. A flexible sched-
ule ensures uniformity in administration, which simplifies logistics
and communication with the public. For example, extending the sec-
ond dose of the AstraZeneca vaccine to 8-12 weeks showed improved
efficacy compared to the standard 4-week interval. Paltiel, et al. [27]
evaluated the efficacy of several doses of vaccine The study concluded
that a single-dose vaccine with 55% effectiveness can stop as many
cases as a two-dose vaccine with 95% effectiveness. Anupong, et al.
[28,29] evaluate the effectiveness of the Mixed Vaccine strategy in
Covid 19. Mixing different types of vaccines can lead to a stronger and
more diverse immune response. Anupong, et al. [28] suggested that
mixture of heterologous mixture of ChAdOx1 (CV) and CoV-19 (AZ)
was more effective than CV and AZ homologous vaccination.
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Suphanchaimat, et al. [29] concluded that three-dose schedules
(CoronaVac + CoronaVac + ChAdOx1)are more effective than two-
dose schedules ChAdOx1 + BNT162b2 and CoronaVac + BNT162b2.
Abdel-Qader et al., and Soheili et al., evaluate the effectiveness of
different types of vaccines against COVID-19 outcomes. BNT162b2
and ChAdOx1 nCoV-19 vaccines demonstrated higher effectiveness
against COVID-19 compared to BBIBP-CorV and ChAdOx1 nCoV-19
having high levels of immunology markers. These vaccines are also
induced within one month of vaccination, reducing the risk of death.
(Soheili, et al. [30]) concluded that the Moderna vaccine had the high-
est effectiveness, followed by AstraZeneca, Pfizer, and Bharat. mR-
NA-based COVID-19 vaccines demonstrated the highest total efficacy
and effectiveness compared to other vaccines. (Bubar, et al. [31-33])
evaluate the effectiveness of Age-Based and degree-based prioritiza-
tion for vaccination. Bubar, et al. [31] found that direct vaccination
of adults over 60 years of age significantly reduced mortality when
transmission was high. Lower transmission vaccination of adults
aged 20 to 49 years also reduced mortality and YLL. Buckner, et al.
[32] concluded that the priority of younger essential workers leads
to control spread and older adults to directly control mortality. A de-
gree-based vaccine strategy refers to prioritizing vaccination efforts
based on the social connectivity or “degree” of individuals within a
network. Individuals with a higher degree of connectivity (those
who interact with many others) are vaccinated first. This strategy
leverages the principles of network theory to reduce the spread of
infectious diseases more effectively. Chen, et al. [33] concluded that a
degree-based vaccine strategy is more important than an age-based
strategy to reduce infections, hospitalizations, and deaths, especially

Table 3: Risk of Bias.

in resource-poor countries with lower vaccine availability and slower
distribution.

Risk of Bias 2 (ROB 2)

It’s essential to evaluate the quality and potential biases of the
included studies to assess the reliability of the evidence. Table 3
explains Risk of Bias of included studies in systematic review. The
Risk of Bias 2 (ROB 2) tool is a methodological instrument created
by the Cochrane Collaboration to evaluate the potential for bias in
randomized controlled trials (RCTs). It assesses the internal validity
of research by examining several areas where bias might arise. The
instrument evaluates the randomization method, allocation conceal-
ment, blinding of participants and staff, blinding of outcome assess-
ment, inadequate outcome data, selective reporting, and overall bias.
Research conducted using proper randomization techniques, such as
computer-generated random sequences or random number tables,
has areduced likelihood of bias. There is less chance of bias in studies
that use strong allocation concealment techniques, such as central-
ized randomization or opaque, sealed envelopes that are numbered
consecutively. Personnel and participants are blinded to the interven-
tions to reduce the possibility of bias. Blinding of outcome assessors
reduces the risk of biased outcome assessment. Incomplete outcome
data is assessed to determine if there are missing data and how they
were handled. Selective reporting ensures that all pre-specified out-
comes are reported to avoid selective reporting bias. Overall, the
study’s bias is rated as a minimal, moderate concern, or strong based
on the evaluations of these areas. The ROB 2 tool provides structured
guidance to reviewers to facilitate consistent and transparent assess-
ment of bias in RCTs.

Checklist
5 Random Binding Of Binding Of
T. . . . . .
Included studies Sequence Allocation Participation Outcome Incomplete . .
nw Generation Concealment And Personnel | Assessment | Outcome Data Si;{e:h::ﬁiepggr;g 8:;:;?“
(Selection (Selection Bias) | (Performance (Detection (Attrition Bias) P & ty
Bias) Bias) Bias)
1 Liu, et al. [17] High Low Low Low High High High
1. Hung [23] Low Low Low Low Low High High
2. Tuite, et al. [24] Low Low Low Some concern | Some concern Some concern Low
3. Paltiel, et al. [25] High Low High Low Some concern Some concern Low
. . Some
4. Moghadas, et al. [26] High Low Low High Some concern Low concern
5. Silva, et al. [27] High Low Low Low High Low High
. . Some
6. Voysey, et al. [28] Low Low High High Some concern Low concern
. . Some
7. Anupong, et al. [29] Low Low High High Some concern Low concern
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Bubar, et al. [30] High Low Low Low Low Low High
9. Buckner, et al. [31] Low Low High High Some concern Low High
10. Chen, et al. [32] Low Low High High Some concern Low High
11. Abdel-Qader, et al. [33] Low Low Low concern Low Low High
12. | Suphanchaimat, et al. [34] Low Low High High Some concern Low High
13. Wang, et al. [35] Low Low High High Some concern Low High
14. Soheili, et al. [36] High Low Low Low Low Low High

Result nel knew the group assignments while no blinding was present for

The Systematic review included 15 studies out of which 10 are
high-quality studies three studies having some concern while 2 are
low-quality studies. Six of the ten included studies are high-quality
studies havinga low risk of bias. Random sequence generation is cru-
cial for reducing selection bias. Since only six studies mention this,
the remaining four did not report it. Allocation Concealment is ad-
opted in all studies to prevent selection bias. This is a strong point
for the validity of these studies. Four studies Utilize double-blind de-
signs where neither participants nor personnel know the group as-
signments while 2 utilized single blinding where participants do not
know the group assignments where neither participants nor person-
nel know the group assignments. Four of ten studies have Ensured
that outcome assessors are unaware of the treatment assignments.
Four studies had complete outcome data with no dropouts. While 4
conduct intention-to-treat analyses that include all randomized par-
ticipants. While 2 studies have some concerns. Eight studies reported
all specified outcomes and any deviations from the original protocol
in public trial registries.

This summary provides a clear view of the methodological quality
across the studies, highlighting strengths in allocation concealment
and the absence of selective reporting while identifying areas such
as random sequence generation and outcome data completeness
that may require closer scrutiny. Two of the ten included studies are
low-quality studies with a high risk of bias. Random sequence gener-
ation is crucial for reducing selection bias. Since only one study men-
tioned this, the other one did not report it. Allocation Concealment is
adopted in both studies to prevent selection bias. One study Utilize
double-blind designs where neither participants nor personnel knew
the group assignments while some concerns are present for anoth-
er study regarding blinding or participants and personnel in group
assignments. In one study outcome assessors are aware of the treat-
ment assignments while others have some concerns. Both studies had
concerns regarding the drop but they did not report it. Both studies
have concerns regarding reporting of all specified outcomes and any
deviations from the original protocol in public trial registries.

Three of the ten included studies had some concerns regarding
the quality of the study. Random sequence generation was mentioned
in two studies while the other one did not report it. Allocation Con-
cealment is adopted in all studies to prevent selection bias. One study
Utilized double-blind designs where neither participants nor person-

the other two studies regarding group assignments. In one study out-
come assessors are aware of the treatment assignments while others
have some concerns. All studies having concern regarding drop out
they did not report it. All studies reported all specified outcomes and
any deviations from the original protocol in public trial registries.

Dose Interval

Modifying dose intervals can potentially offer flexibility in re-
sponding to emerging variants, allowing for adjustments in vaccine
deployment strategies. Liu, et al. [20] concluded that longer dose in-
tervals were more effective than short dose intervals in terms of re-
ducing mortality attributed to several immunological factors in terms
of B-cell maturation and Antibody Production.

Vaccination Strategies with a Delayed Second Dose

Delaying the second dose of a vaccine can increase initial cover-
age by providing immunity to a larger portion of the population soon-
er creating herd immunity, especially in areas where vaccine supply is
limited. Moghadas et al. [21-22] concluded that increasing the length
of time between vaccine doses improves hospitalization, reduce mor-
tality, however to reduce infection the efficacy and mechanism of the
first dose of vaccine is important such as for Astra Zeneca Vaccine
8-12 weeks interval while for mRNA vaccines like Pfizer-BioNTech
and Moderna, where a 12-week interval delay is important to reduce
disease severity while 9 weeks interval delay is important in reducing
hospitalization and death but not disease severity.

Booster Dose Strategy

Antibody levels can rise substantially after a booster dose, pro-
viding enhanced protection against the virus. Viral agentsevade im-
munity from the initial vaccine series, but booster doses enhance the
immune response’s potency, enhancing neutralization by increasing
Antibody levels. The study also found that vaccine efficacy was high-
er in participants with a longer first dose-booster dose interval, with
binding antibody responses being more than two-fold higher after 12
or more weeks. Such as Oxford-AstraZenecasingle dose had 76.0%
efficacy against symptomatic COVID-19 in the first 90 days, while ef-
ficacy increased from 55.1% to 81.3% with a booster dose given after
at least 12 weeks. Voysey, et al. [24] found that a booster dose of the
SARS-CoV-2 vaccine given 175 days resulted in higher levels of neu-
tralizing antibodies compared to a shorter interval.
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Alternative Dose Strategy

Alternative dosing schedules can be tailored to match logistical
capacities and specific public health needs. Tuite, et al. [26] conclud-
ed that a flexible schedule ensures uniformity in administration,
which simplifies logistics and communication with the public it also
allows time to adjust vaccination strategies if new variants emerge
that might require different dosing intervals or booster shots. For ex-
ample, extending the second dose of the AstraZeneca vaccine to 8-12
weeks showed improved efficacy compared to the standard 4-week
interval.

Number of Vaccine Doses

The number of vaccine doses in a strategy directly impacts its ef-
ficacy, logistical complexity, cost, and public compliance. Single-dose
strategies provide rapid coverage but may have lower immunity. Two-
dose strategies balance efficacy and logistics but may delay full im-
munity. Three or more doses offer maximum protection but increase
logistical challenges and costs. Paltiel, et al. [27] concluded that a sin-
gle-dose vaccine with 55% effectiveness can stop as many cases as a
two-dose vaccine with 95% effectiveness.

Mixed Vaccine Strategy

Mixing different vaccines can sometimes produce a stronger and
broader immune response compared to receiving two doses of the
same vaccine. Diversifying vaccine sources helps ensure that vaccina-
tion efforts can continue even if there are issues with the production
or delivery of a particular vaccine. Anupong, et al. [28] suggested that
mixture of heterologous mixture of ChAdOx1 (CV) and CoV-19 (AZ)
was more effective than CV and AZ homologous vaccination. Suphan-
chaimat, et al. [29] concluded that three-dose schedules (CoronaVac
+ CoronaVac + ChAdOx1) are more effective than two-dose schedules
ChAdOx1 + BNT162b2 and CoronaVac + BNT162b2.

Types of Vaccine

Different types of vaccines offer various advantages. mRNA vac-
cines offer high efficacy and rapid adaptability. Viral vector vaccines
are easier to distribute and can be effective with a single dose. Protein
subunit vaccines have stable storage and low side effect profiles. Inac-
tivated vaccines use an established technology and are easy to store.
Abdel-Qader et al. concluded that BNT162b2, ChAdOx1, and nCoV-
19 vaccines demonstrated higher effectiveness against COVID-19
compared to BBIBP-CorV and ChAdOx1 nCoV-19 having high levels
of immunology markers. These vaccines are also induced within one
month of vaccination, reducing the risk of death. Soheili, et al. [30]
concluded that the Moderna vaccine had the highest effectiveness,
followed by AstraZeneca, Pfizer, and Bharat. mRNA-based COVID-19
vaccines demonstrated the highest total efficacy and effectiveness
compared to other vaccines.

Prioritization

In situations where vaccine supply is limited, prioritization en-
sures that available doses are used where they can have the most sig-
nificant impact on public health. Bubar, et al. [31] found that direct
vaccination of adults over 60 years of age significantly reduced mor-
tality when transmission was high. Lower transmission vaccination of
adults aged 20 to 49 years also reduced mortality and YLL. Buckner,
et al. [32] concluded that the priority of younger essential workers
leads to control spread and older adults to directly control mortality.
A degree-based vaccine strategy refers to prioritizing vaccination ef-
forts based on the social connectivity or “degree” of individuals with-
in a network. Individuals with a higher degree of connectivity (those
who interact with many others) are vaccinated first. This strategy
leverages the principles of network theory to reduce the spread of
infectious diseases more effectively. Chen, et al. [33] concluded that a
degree-based vaccine strategy is more important than an age-based
strategy to reduce infections, hospitalizations, and deaths, especially
in resource-poor countries with lower vaccine availability and slower
distribution. The vaccination strategy depends on the specific situa-
tion, including vaccine availability, transmission rates, and healthcare
capacity. In situations of limited vaccine supply and high transmis-
sion, a delayed second dose or prioritization strategy may be most
effective in quickly reducing severe cases and transmission. In con-
trast, when vaccine supply is sufficient, and the focus is on achieving
maximum individual protection and long-term immunity, immediate
full vaccination might be the preferred approach. Public health au-
thorities must carefully balance these factors to determine the most
effective strategy for their specific circumstances.

Discussion

The study highlights the importance of considering different vac-
cination strategies for COVID-19. The current study suggested that
different dose intervals provide different outcomes. The AstraZene-
ca Vaccine 8-12 weeks interval while Pfizer-BioNTech and Moderna,
where a 12-week interval delay is important to reduce disease sever-
ity while 9 weeks interval delay is important in reducing hospitaliza-
tion and death but not disease severity.

Kayoko Shioda [34] supported the evidence by concluding
that the lowest short-term SARS-CoV-2 infection risk, while the
late-but-allowable protocol resulted in the lowest risk in the long
term, suggesting that delaying the second dose by 1-2 weeks may
offer stronger long-term protection. Madhavan [35] also support-
ed the evidence by suggesting that the optimal vaccination strategy
depends on the vaccine production rate and first-dose efficacy. Low
first-dose efficacy necessitates immediate second-dose vaccination,
while high first-dose efficacy requires a time window strategy. The
spread rate doesn’t significantly impact the best window thresholds,
but significantly impacts total deaths. A current study suggested that
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a booster dose is more effective in protecting disease in Covid Voysey
et al,, found that a booster dose of the SARS-CoV-2 vaccine given 175
days resulted in higher levels of neutralizing antibodies compared to
a shorter interval. A study in Bogota [36] showed the same findings
that individuals who received a booster dose for COVID-19 detection
had a 28% reduction in infection odds. Another study [37] shows
similar findings by suggesting that the Pfizer BioNTech booster dose
offers significantly increased protection against symptomatic disease
in those aged 50 and over, regardless of the initial vaccine.

The current study concluded that Alternative dose strategies
such as fixed and flexible strategies for the vaccine enhanced im-
mune responses. Tuite, et al. [26] concluded that extending the sec-
ond dose of the AstraZeneca vaccine to 8-12 weeks showed improved
efficacy compared to the standard 4-week interval. Kho MML, et al.
[38] found that repeated booster vaccination is needed to achieve a
stronger response to neutralize new virus variants as repeated vac-
cination increases SARS-CoV-2-specific antibodies. Hill EM, et al. [39]
conclude that Vaccines with high protection from the first dose prefer
strategies that prioritize one dose, but with increasing vaccine sup-
ply, eligible individuals will receive two doses. Optimized dose timing
reduces mortality risk, but the logistics of vaccine delivery must be
considered. The current study concluded that there is a difference in
the effectiveness of vaccination based on number of vaccination dos-
es. Paltiel, et al. [27] suggested that a single-dose vaccine with 55%
effectiveness can stop as many cases as a two-dose vaccine with 95%
effectiveness. Bhattacharya, et al. [40] supported the evidence by con-
cluding that COVID-19 vaccination provides dose-dependent protec-
tion against the development of the disease. It also lowers the risk of
hospitalization and ICU admission/death in RT-PCR-positive patients
in a dose-dependent manner. A current study concluded thatMixed
Vaccines provide more benefits than single vaccines. Anupong. et al.
suggested that mixture of heterologous mixture of ChAdOx1 (CV) and
CoV-19 (AZ) was more effective than CV and AZ homologous vacci-
nation. Rasheed R, [41] Mixing vaccines from different platforms can
enhance IgG and neutralizing antibodies, leading to a stronger cellu-
lar immune response. Heterogeneous COVID-19 vaccines have higher
neutralizing antibody levels against the virus, prompting both devel-
oping and industrialized countries to adopt this mix-and-match strat-
egy to effectively immunize their populations.

The current study concluded different types of vaccines against
COVID-19 give different outcomes. The study finding with Abdel
Qader, et al. [42] suggested that BNT162b2, ChAdOx1, and nCoV-19
vaccines demonstrated higher effectiveness compared to BBIBP-CorV
and ChAdOx1 nCoV-19 having high levels of immunology markers.
Xiucui Han, et al. [43] supported the evidence by concluding that dif-
ferent COVID-19 vaccines have unique advantages and disadvantages
based on their dosing intervals, efficacy, and side effect profiles. Cur-
rent study suggested that Age-Based and degree-based prioritization
play an important role in vaccination. Bubar et al. Found that direct
vaccination of adults over 60 years of age significantly reduced mor-
tality when transmission was high. Chen, et al. [33] concluded that a

degree-based vaccine strategy is more important than an age-based
strategy to reduce infections, hospitalizations, and deaths, especially
in resource-poor countries with lower vaccine availability and slower
distribution. Katherine Klise, et al. [44-47] support the evidence by
concluding that prioritization strategies can have a large impact on
reducing deaths and peak hospitalization, selecting the best strate-
gy depends on community characteristics and the desired objective.
Additionally, in some cases, random vaccination performs as well as
more targeted prioritization strategies. Understanding these trade-
offs is important when planning vaccine distribution. The findings
of comparative effectiveness studies on COVID-19 vaccination strat-
egies have significant implications for public health policy, vaccine
deployment strategies, and future research directions. They can help
optimize vaccine deployment, enhance effectiveness, address vaccine
equity, inform global strategies, support public health messaging, and
guide future research. These findings can help optimize vaccine de-
ployment, improve vaccine efficacy, and build public trust in vaccina-
tion efforts.

The study has limitations due to design constraints, data het-
erogeneity, temporal factors, short follow-up duration, confounding
factors, limited subgroup analysis, generalizability, publication bias,
incomplete data reporting, and potential for conflicting evidence. Ad-
dressing these issues requires careful study design, rigorous meth-
odology, transparent reporting, and ongoing evaluation of emerging
evidence. The hesitancy, and global cooperation. Policymakers should
adopt flexible strategies, and prioritize the comparative effectiveness
of vaccination strategies against COVID-19 requires policy imple-
mentation, continuous monitoring and research, addressing vaccine
equitable distribution, and addressing vaccine hesitancy through
transparent communication, education, and community engagement.
Prospects include developing variant-specific vaccines, exploring
next-generation vaccines, evaluating long-term immunity and boost-
er doses, and integrating vaccination strategies with other public
health measures. This dynamic field requires ongoing research and
collaboration to control the pandemic.

Conclusion

The research concluded that the effectiveness and results of vac-
cination can be affected by a variety of vaccination strategies, includ-
ing different types of vaccines, different dosages, the amount of time
that passes between doses, and the order in which vaccinations are
administered. Because of the influences of these variables careful

consideration is necessary to optimize public health outcomes.
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