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ABSTRACT
This review aimed to identify barriers to employee vaccination, motivators for vaccination, and vaccine 
uptake strategies within the critical infrastructure sectors. We focused on non-healthcare-related sectors, 
including food and agriculture, manufacturing, and education where employee vaccination is rarely 
mandated. We conducted a search for literature published from 2012 to 2022 from MEDLINE-PubMed, 
PsycINFO, and Web of Science Core Collection, which resulted in 22 studies that met the inclusion criteria. 
We found that 1) barriers to vaccination differ by infectious disease and population; 2) common motiva-
tors for vaccination were about protecting self, family, and community; and 3) common uptake strategies 
for influenza (which accounted for 83% of uptake strategies in reviewed studies) addressed convenience 
and confidence barriers such as vaccination cost and education. Our review highlights the need for 
employers, policymakers, and researchers to identify infectious disease and population-specific barriers to 
vaccination and implement strategies aimed at addressing the identified barriers.
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Introduction

The current COVID-19 pandemic has demonstrated that a low 
vaccination uptake and vaccination hesitancy among employ-
ees in the critical infrastructure sectors may represent 
a vulnerability to the functioning of the whole society.1–5 

Research shows that employees within these sectors, especially 
those who hold service-related jobs (retail, manufacturing, 
food service, construction), are less likely to be vaccinated 
than non-critical infrastructure-sector employees.1–5 By defini-
tion, the critical infrastructure sector includes vital sectors 
whose incapacitation would have negative effects on national 
economic security, public health, or safety.6 These sectors 
include food and agriculture, manufacturing, and government 
facility sectors such as education.6 Employees within these 
sectors are also commonly referred to as essential workers, 
frontline workers (a subcategory of essential workers who 
cannot feasibly work from home), and essential critical infra-
structure workers.7 For example, the spread of COVID-19 
among employees within the food and agricultural sector led 
to the forced shutdown of facilities, such as meat facilities, 
leading to the eventual reduction of production, processing, 
and distribution of meat products.8,9 This reduction of services 
led to labor shortages, economic losses expected to reach 
13.6 billion US dollars for the beef cattle industry alone, and 
an increase in food prices that in turn places people at risk for 
poverty and food insecurity.9–11 Other sectors like the trans-
portation sector experienced high unemployment rates due to 
the reduction in transportation service use; employees within 
this sector were 20.6% more likely to experience 

unemployment when compared to other critical infrastructure 
sectors.12 To reduce the critical infrastructure sectors’ vulner-
ability to infectious diseases and eventual incapacitation, 
employers, researchers, policymakers, and other stakeholders 
need an understanding of the causes of vaccine hesitancy.

Multiple studies and reviews have reported on the barriers 
to vaccination, motivators for vaccination, and vaccine uptake 
strategies for varying infectious diseases within populations 
such as healthcare employees, patients, and children. Factors 
such as individual’s social circle, susceptibility to disease, per-
ceived vaccine effectiveness, lack of time, transportation, and 
lack of health insurance have been shown to influence deci-
sions to get vaccinated among individuals in the general 
population.13 Because these contributors to vaccination were 
studied across different populations, the generalizability of the 
results to non-healthcare-related critical infrastructure sectors 
may be limited. Therefore, it is necessary to outline the barriers 
contributing to low vaccination, the motivators to leverage to 
increase vaccine uptake, and the effective vaccine uptake stra-
tegies for employees within the critical infrastructure sectors. 
Studies continue to show that individuals within non-health 
critical infrastructure sectors are less likely to be vaccinated.4,14 

For the critical infrastructure-sector employees specifically, the 
reported factors influencing their vaccination decisions are the 
cost of vaccination, lack of access to vaccines, vaccine side- 
effect concerns, and needle fear.14 Low vaccination among 
these employees hinders progress made toward disease control 
and has the potential to debilitate the functioning of our society 
because of the critical role that these employees play in ensur-
ing societal function. Thus, our review aims to identify the 
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concerns/barriers that employees within various critical infra-
structure sectors have toward vaccination. In addition to iden-
tifying these barriers, our review also illustrates how the World 
Health Organization’s (WHO) 3C model of vaccine hesitancy 
(comprised of confidence, convenience, complacency) can be 
used to understand which factors contribute the most to hes-
itancy within our target population.15 Vaccine confidence 
relates to trusting vaccine safety and effectiveness, vaccine 
delivery systems, and their reliability, while complacency is 
when individuals’ perceived risk and necessity to be vaccinated 
is low.15 Lastly, convenience is any factor that impedes indivi-
duals' ability to access vaccines including availability, afford-
ability, geographic accessibility, and literacy.15

Besides identifying the barriers to employee vaccination, 
our review also aimed to identify the key motivators for vacci-
nation among employees within the critical infrastructure sec-
tor. These motivators play a vital role in increasing vaccine 
uptake because if identified, leveraging the motivators can 
form the foundation of vaccine uptake strategies. Literature 
suggests that the most common motivator for vaccination is 
protecting one’s family, friends, and community from vaccine- 
preventable diseases (VPDs).16,17 Whether this finding within 
the literature applies to non-healthcare related critical infra-
structure sectors is still a gap in the knowledge.

In addition to understanding employee barriers to vaccina-
tion, and motivators for vaccination, our review also identifies 
strategies that have been effective at increasing vaccine uptake 
within the critical infrastructure sector. For example, to miti-
gate the risk of low vaccination within the critical infrastruc-
ture sectors, employers are encouraged to become messengers 
of accurate and reliable information.18 This measure is espe-
cially important because it aims to minimize the impact of 
misinformation that contributes to vaccine hesitancy.19 

Additionally, to improve vaccine uptake, employers are also 
encouraged to consider providing vaccine access options for 
their employees (on-site vaccination or off-site vaccination), 
building confidence in vaccines, and providing incentives and 
benefits for vaccinated employees.20 There is a consensus in the 
literature that the most effective way to increase vaccine uptake 
is by implementing multicomponent strategies.21–24 

Furthermore, strategies that were tailored to specific popula-
tions and addressed the vaccination concerns of target groups 
were most effective at increasing vaccine uptake.21 Despite the 
existence of these recommendations, reviews on non- 
healthcare critical infrastructure sectors vaccine uptake strate-
gies are still lacking as compared to the healthcare sector.25–28 

In summary, the objectives of this review were to fill gaps in the 
knowledge by 1) identifying barriers to vaccination of employ-
ees in the non-health critical infrastructure sectors, 2) identify-
ing motivators for employee vaccination, and 3) identifying 
strategies that have been effective at increasing vaccine uptake 
within those sectors.

Methods

Eligibility criteria

A rapid review strategy, as defined by Grant and Booth, was 
implemented.29 The rapid review was based on published 

studies that assessed vaccination barriers and motivators, as 
well as studies that evaluated the effectiveness of vaccine uptake 
strategies. Studies eligible for inclusion were original studies, in 
English, and published between January 1, 2012, and 
February 28, 2022. Eligible studies reported on vaccination of 
working adults within critical infrastructure sectors, the effec-
tiveness of vaccine uptake strategies, barriers to vaccination, 
and motivators to vaccination. Studies that focused on the 
vaccination of children and pregnant women were not eligible. 
In addition, studies that assessed uptake strategies in the 
healthcare sector were outside the scope of this study and 
were excluded from the search because of differences in vacci-
nation requirements between this and the other critical infra-
structure sectors.30,31

Literature search strategy

The literature databases MEDLINE/PubMed, PsycINFO 
(EBSCO), and Web of Science Core Collection (Web of 
Science) were used for identifying the studies included in 
the rapid review. The review team consulted with a Cornell 
University library expert (Matthew R. Kibbee) with profes-
sional experience in research and evidence synthesis. With 
the help of the librarian, we determined appropriate search 
databases based on our topic of interest and the organiza-
tion of our search strategy procedure into tables. Boolean 
operators were used during the search to obtain results on 
critical infrastructure employees. The final searches were 
conducted from February 11, 2022, to February 28, 2022. 
A total of six steps were performed on each database to 
obtain studies to be included in the review. Step 1 was 
a literature search for studies on critical infrastructure 
employees. Step 2 was a search for studies on intervention 
concepts (any activity carried out to increase vaccination 
rates such as vaccine access, promotion, etc.). Step 3 was 
a literature search of synonyms for vaccination to retrieve 
any studies with vaccination or immunization as a topic. 
Step 4 was about vaccine acceptance or refusal. Step 5 was 
a combination of Boolean operators for steps 3 and 4. Step 6 
was a combination of Boolean operators for steps 1, 2, and 
5. In consultation with our librarian, we combined the steps 
of the search strategy to increase the precision of our litera-
ture search results. The search strategy is provided in the 
Supplement material.

Screening and selection procedure

Study analysis/selection was conducted using Covidence.32 

Covidence allows reviewers to import citations into its online 
tool, automatically deduplicates citations, and assigns study 
IDs to imported citations. The two-stage screening process 
was performed by L.K. and Z.C. independently, including 
title and abstract screening (which does not require reviewers 
to provide explanations for study exclusion), and full-text 
screening (which requires an explanation for study exclusion). 
During the full-text screening, a study was excluded if (i) it did 
not evaluate vaccine attitudes or (ii) it evaluated attitudes 
toward hypothetical vaccines. E.B. and R.I. resolved conflicts 
during both stages.
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Data extraction

Data extraction was completed using Excel and conducted by L.K. 
Extracted data was inputted into two different Excel sheets, one 
about employee vaccination attitudes (i.e., barriers and motiva-
tors), and the other about strategies to increase vaccine uptake. 
Both Excel worksheets comprised author and study published 
data, Covidence-assigned study ID, location, target population, 
study aims/objectives, study design, sampling method, sample 
size, study duration, and disease of interest. In addition, the 
attitudes worksheet contained information on motivators for 
vaccination and barriers to vaccination, while the strategy work-
sheet contained information on strategy type (single/multi- 
component), the strategy used, outcome, and conclusion. A meta- 
analysis could not be conducted due to data heterogeneity.

Data organization

The extracted data on barriers, motivators, and uptake strate-
gies in Excel sheets were synthesized into tables of results and 
further grouped by infectious disease. We categorized barriers 
to vaccination by convenience (cost, no time, vaccine access, 
administrative barriers, and vaccine availability), confidence 
(vaccine safety concerns and side effects), and complacency 
(low perceived risk, not receiving a vaccine because it was not 
employer-mandated) as recommended by WHO-Strategic 
Advisory Group of Experts on Immunization (SAGE).15 

Studies were further visually summarized by study location, 
population, and infectious disease.

Results

Overview of included studies

A total of 240 articles were identified in the literature 
databases and screened. Of those, 51 were duplicates 

among different databases and removing them resulted in 
189 studies. Furthermore, 189 studies were assessed for the 
title and abstract eligibility, resulting in the full-text assess-
ment of 31 studies. Of these, 22 met the eligibility criteria 
(Figure 1).

Study characteristics

A summary of the extracted data and included study char-
acteristics are shown in Tables 1 and 2. The 22 studies 
included in this rapid review consist of 14 cross-sectional 
studies, 2 prospective case–control studies, 2 prospective 
cohort study, 1 intervention trial, 1 retrospective observa-
tional study, 1 qualitative study, and 1 comparative descrip-
tive study (as stated by the authors of the study) which we 
classified as a prospective cohort study as per the definition.33 

The total number of participants within the cross-sectional 
studies ranged between 14 and 1,450. Within the comparative 
descriptive study, 170 employees participated in the interven-
tion, while 82 and 88 participated in the pre- and post-cross- 
sectional survey, respectively. The prospective cohort studies 
had a total of 517 participants. The qualitative study included 
52 participants.

Included studies were conducted in the United States, Italy, 
Australia, and China (Figure 2). These studies focused primar-
ily on assessing vaccination for six infectious diseases (influ-
enza, measles, mumps, and rubella (MMR), Q fever, tetanus, 
COVID-19, and tick-borne encephalitis (TBE)). Additionally, 
these studies assessed vaccination barriers and motivators for 
vaccination among employees within critical infrastructure 
sectors such as education, food and agriculture, manufactur-
ing, construction, and financial group workers (Figure 3). 
Lastly, studies assessing vaccine uptake strategies focused on 
influenza and tetanus among food and agriculture, finance, and 
industrial workers (Figure 4).

Figure 1. Flow chart of included studies and exclusion reasons.
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Barriers to vaccination by infectious disease

Our rapid review identified 18 studies that assessed barriers to 
vaccination as shown in Table 1. Two of these studies assessed 
both employee barriers to vaccination and vaccine uptake 
strategies.14,38 By frequency, we found that the most common 
barriers to vaccination for all studies were convenience-related 
barriers such as employees not having time to get vaccinated, 
and the cost of vaccination (Table 3), while the most frequently 
stated barriers for influenza specifically were confidence and 
complacency related (Table 4). Conversely, when analyzed by 

employee response percentage variation, the barriers to 
employee vaccination varied by infectious disease. For influ-
enza vaccination, about 8.6–86% participating employees were 
concerned about vaccine side effect, 2.4–91% were concerned 
about vaccination cost, and 33–90% expressed fear/dislike of 
injections.14,34,36–43 Conversely, the common barriers to MMR 
vaccination were employee uncertainty about adult boosting 
requirements which accounted for approximately 30–69% of 
participating employees, while the percentage of participants 
who perceived that vaccination was unnecessary ranged from 
5.3% to 16.8%.39,40,42,43

Figure 2. Study representation by location for barriers to vaccination (N = 18).

Figure 3. Included studies by infectious disease and population for barriers to vaccination (N = 18).

Figure 4. Included studies by infectious disease and population for vaccine uptake strategies (N = 6).
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For tetanus, common barriers included forgetting to get 
vaccinated, not having time to get vaccinated, and side effect 
concerns. Participant responses for forgetting to receive 
a booster ranged widely from 6.2% to 58.2%, while not having 
enough time to get vaccinated accounted for 11.6% of the 
responses. Additionally, responses about side effect concerns 
ranged from 2% to 12.2%.44,45 For Q fever, approximately 55– 
66.8% of the study participants said that cost, time, access to 
providers, and peoples’ perceived risk were barriers to 
vaccination.48 The most common barriers to TBE vaccination 
were a lack of knowledge about the TBE vaccine and a low 
perceived risk, while the most common barriers to COVID-19 
vaccination were side effect concerns and vaccine mistrust as 
shown in Table 1.49,50

Barriers to vaccination by most represented population

The two most represented sectors in this review were the food and 
agriculture and education sectors as shown in Figures 3 and 4. 
Overall, the most common barriers to vaccination in the identified 
food and agricultural sectors were vaccination cost, not having 
enough time to get vaccinated, vaccine accessibility issues includ-
ing vaccine unavailability, and lack of vaccine providers in rural 
areas.36,37,45–50 Conversely, the most common barriers to vaccina-
tion within the education sector include vaccine side effect con-
cerns, the belief that vaccines were neither effective nor necessary, 
and employees not having time to get vaccinated.39–43

Motivators to vaccination

Table 1 provides employee motivations for vaccination 
assessed by 11 studies. The most common motivator for vacci-
nation across all the represented critical infrastructure sectors 
and infectious diseases was protecting (self/family/friends). 
Recommendations made by healthcare professionals and 

social/peer influence also contributed to participating employ-
ees’ decision to get vaccinated. Additionally, the ease/conve-
nience of getting vaccinated were other common motivators 
for employee vaccination.

Strategies for increasing vaccine uptake by infectious 
disease

Vaccine uptake strategies for influenza focused on addressing 
convenience and confidence-related barriers among employees. 
These strategies included the provision of on-site vaccination, 
vaccination at no cost to employees, education programs that 
explained the importance and benefits of vaccination, and pro-
gram promotion by using posters and flyers.14,38,51–53 Other stra-
tegies included incentives (gift cards, $25 deposit into employee or 
spouse health savings account), health professional-led education 
sessions that addressed immunization benefits, customized educa-
tion, and choice of immunization route (injectable or 
intranasal).38,51 Vaccine uptake increase for the three studies that 
utilized multicomponent strategies ranged from 2% to 46%.

The single-component strategies included pharmacist-led 
immunization checkups to ensure that employees were up-to- 
date with their immunizations.53 The other single-component 
strategy utilized a community-based participatory research 
frame in which key agricultural stakeholders participated in the 
selection of the site of the immunization program events, and 
recruitment activities.54 Both these strategies led to vaccine 
uptake as illustrated in Table 2.

Discussion

Barriers to vaccination

As stated earlier, this rapid review was conducted to identify 
barriers to vaccination, motivators for vaccination, and vaccine 
uptake strategies within the non-health critical infrastructure 

Table 4. Barriers to influenza vaccination uptake (N = 9).

Factors Barriers Frequency

Author/Year

de Perio 
2014 et al

Ofstead 
2013 et al

Li 2014 
et al

Parrish 
2015 et al

Luthy 
2013 
et al*

Luthy 
2013 et al

Luthy 
2015 et al

Macintosh 
2014 et al

Macintosh 
2016 et al

Convenience No time to get 
vaccinated

4 x x x x

Cost of vaccination 6 x x x x x x
Complacency Low perceived risk of 

disease
4 x x x x

Forgot to get the 
vaccine

2 x x

Not mandatory 3 x x x
Unsure about vaccine 

need
2 x x

Vaccines not necessary 3 x x x
Childhood vaccines are 

enough
1 x

Confidence Vaccine side effect 
concerns

5 x x x x x

Not effective 6 x x x x x x
Needle fear 3 x x x
Vaccine safety 

concerns
4 x x x x

Other Known vaccine allergy 2 x x
Lack of knowledge 

about vaccination
2 x x
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sectors. We found that barriers to employee vaccination varied 
by infectious disease and critical infrastructure sectors. For 
example, barriers to influenza and COVID-19 vaccination con-
sisted of employee concerns about vaccine side effects, cost of 
vaccination, and vaccine mistrust. This finding is consistent 
with prior literature that found that the barriers to influenza 
vaccination include the fear of side effects and doubts about 
vaccine effectiveness.17 For example, one study found that 
approximately 78% of their unvaccinated study population 
did not try to make a vaccination appointment largely because 
of concerns about vaccine side effects.55 These concerns often 
originate from a fear of missing work without the possibility of 
paid time off or compensation if vaccination resulted in 
adverse side effects.55,56 This is an important consideration 
for planning vaccine uptake strategies not only for influenza 
vaccination but also for other vaccinations like for COVID-19.

Unlike influenza and COVID-19, we found that barriers to 
MMR and tetanus vaccination consisted of employees’ uncer-
tainty about the need to be vaccinated, the perception that 
vaccination was unnecessary, and forgetting or not having time 
to obtain the needed booster. Similarly, a recent study found that 
13% of American adults did not get a COVID-19 booster because 
they thought that the initial dose was enough.57 Overall, these 
results suggest a need for different uptake strategies for vaccines 
requiring adult boosting like tetanus versus those not requiring 
adult boosting. We can therefore increase vaccine uptake and 
reduce vaccine hesitancy within the critical infrastructure sectors 
by identifying and eliminating disease-specific barriers.

Furthermore, we found differences in barriers to vaccina-
tion between the two most represented critical infrastructure 
sectors (food production and education). For influenza, teta-
nus, TBE, COVID-19, and Q-fever, employees within the food 
production sectors experienced barriers such as the cost of 
vaccination, not having enough time to get vaccinated, and 
difficulties with accessing vaccines. Studies show that employ-
ees within the frontline sectors are more likely to experience 
low incomes, less opportunities for paid leave, job insecurity, 
and unstable work schedules that can represent as barriers to 
vaccination.55,58 Therefore, a revision of work policies (e.g., by 
incorporating vaccination time off policies) that make the 
choice to be vaccinated easy and convenient for employees in 
these sectors can increase vaccine uptake. Additionally, provid-
ing good incentives such as cash bonuses for vaccinated 
employees can increase vaccination.20,56 For the education 
sector, it was no surprise that the identified barriers were 
synonymous with barriers to MMR vaccination. This was 
because the studies that assessed barriers to MMR vaccination 
were all focused on employees within the education sector. To 
recap, the most common barriers to MMR vaccination for 
employees within the education sector were uncertainty 
about adult boosting requirements or the perception that vac-
cination was unnecessary. Since the studies in the food produc-
tion and education sectors focused on vaccination for different 
infectious diseases, a fair comparison between these two sectors 
is not possible. Because many critical infrastructure sectors 
were not represented among the reviewed studies, we still do 
not know the factors that influence vaccination behaviors for 
employees within those unrepresented critical sectors like the 
transportation and energy sectors. Without this knowledge, 

there is the danger that low vaccination and vaccine hesitancy 
in these sectors will result in infectious disease spread and 
service disruptions, as mentioned earlier.12 Therefore, addi-
tional sector-specific studies need to be conducted to under-
stand the barriers, motivators, and vaccine uptake strategies for 
employees within these unrepresented sectors. Our review 
found that the number of studies assessing barriers to vaccina-
tion for employees within the non-health critical infrastructure 
sectors is scanty. This knowledge gap is particularly time sen-
sitive for COVID-19 as our review identified only one COVID- 
19 study that met the inclusion criteria.50 Therefore, future 
research should focus on identifying COVID-19 barriers to 
vaccination, motivators, and vaccine uptake strategies for 
employees within these sectors.

Motivators for vaccination

In addition to understanding barriers to vaccination, under-
standing the factors that motivate people to get vaccinated is 
important to combating vaccine hesitancy and increasing vac-
cine uptake. We found that the most common motivator for 
vaccination was protecting oneself and family.35,37,39,44,46,48,34 

Our finding supports other studies that also found that pro-
tecting oneself and family is the most common motivator for 
vaccination.16,59 Other motivators included recommendations 
made by physicians or public health professionals and vaccina-
tion ease and convenience, and vaccine mandates. To reduce 
vaccine hesitancy and increase uptake, public health messaging 
and education within the critical infrastructure sector could 
leverage identified motivators in addition to addressing identi-
fied barriers. For instance, one study from our review extended 
a workplace immunization program to also include employee 
family members and the result was not only an increase in 
employee vaccination rates but also an increase in community 
vaccination rates.37 Therefore, events where vaccine uptake 
strategies are implemented should also be extended to 
employee families who can play a critical role in getting 
employees vaccinated.

Vaccine uptake strategies

There was consensus in the reviewed studies that the use of 
multicomponent interventions yields better results for 
increasing vaccine uptake within the critical infrastructure 
sectors. This result was expected because existing literature 
has shown that multicomponent interventions are more effec-
tive at increasing vaccination rates than single 
interventions.22–24 For example, one study utilized four dif-
ferent interventions that addressed communication (tailored 
posters and flyers), education (health professional-led educa-
tion), vaccine policy (incentives), and vaccine access (on-site 
vaccination clinic, no-cost immunizations) needs.52 Vaccine 
uptake for this study increased from 35% (achieved during 
the previous year) to 37% (achieved during the 
intervention year).51 Furthermore, the intervention site in 
the study (where n = 201) achieved a 45% vaccination rate, 
while the comparison site achieved a 32% vaccine rate.51 

However, a few studies found that even with the implementa-
tion of multicomponent interventions addressing 
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communication, vaccine access, education, and/or incentives, 
an increase in vaccine uptake was still suboptimal.38,52 

According to site audits, these suboptimal vaccine uptake 
increases could have been due to factors such as poor man-
agement as compared to sites with successful vaccination 
increases.35,36 Even though these studies did not achieve the 
expected vaccination rate increase, there was a consensus that 
multicomponent intervention can increase vaccine uptake as 
compared to single interventions. Our review also found that 
single-component interventions such as community mobili-
zation and pharmacist-led immunization checkups at 
employee health screening events increased vaccine uptake 
when implemented within the farming and retail industries, 
respectively.52,38 Depending on resource availability, it is 
worth considering utilizing evidence-based single- 
component vaccine uptake strategies. We therefore recom-
mend the utilization of either multicomponent or evidence- 
based single-component vaccine uptake strategies as needed 
by the critical infrastructure sectors. Furthermore, sectors 
should consider incorporating program planning (includes 
conducting employee needs assessments), implementation, 
monitoring, and evaluation plans that are vital to determining 
the impact and effectiveness of an implemented strategy.60

Influenza vaccine uptake strategies

Finally, the synthesis of vaccine uptake strategies by infectious 
diseases was possible only for influenza because all studies 
except one focused on increasing influenza vaccine uptake. 
As a result, the most common vaccine uptake strategies for 
influenza were those that addressed convenience and confi-
dence barriers. These strategies included free worksite vaccina-
tion for employees and varying education programs that 
stressed the benefits of vaccination.14,38,51–53 This finding is 
consistent with the finding mentioned earlier that common 
barriers to influenza vaccination among employees were con-
fidence and convenience related. While utilizing these strate-
gies to address the identified barriers is critical to increasing 
vaccine uptake, it is important to consider the concerns of 
already vaccinated employees during the planning of vaccina-
tion campaigns. One of the reviewed studies found that despite 
being vaccinated, employees still had concerns about vaccine 
side effects and vaccination cost.39 Therefore, there is a need to 
not only focus on increasing vaccine uptake among unvacci-
nated employees but also a need to focus on reducing vaccine 
hesitancy among vaccinated employees by reinforcing their 
decision to be vaccinated and addressing concerns about vac-
cine safety.

Reasons for vaccine hesitancy by WHO 3C model

The identified barriers were matched with corresponding fac-
tors from the 3C model of vaccine hesitancy. We found that 
common barriers to employee vaccination were convenience 
related which supports our earlier statement that employees 
within our target population are likely to forego vaccination 
due to lack of time or cost of vaccination. Principally, employee 
reasons for vaccine hesitancy fit within the categories of the 3C 
model. However, our review exposed weaknesses of the model 

because reasons such as religion, no knowledge of specific 
vaccines, and known allergies to certain vaccines did not fit 
within any of the three categories. In this light, Betsch et al. 
expanded the 3C model to a 5C model. This model maintains 
the definition of confidence and complacency and expands 
constraints (formerly convenience) to include both structural 
and psychological barriers to vaccination, and adds two cate-
gories: calculation (engaging in extensive information search-
ing) and collective responsibility (willingness to protect 
others).61 As stated by Betsch, the 5C model takes on a more 
psychological approach to understanding the determinants of 
vaccination behaviors.61 However, using the 5C model, we still 
could not the fit reasons for hesitancy such as religious beliefs 
and known vaccine allergies into any of the categories. 
Although an argument could be made to include both reasons 
within the “constraints” category, the author's definition does 
not allow for such. Therefore, we recommend the development 
of revised or additional models that can account for less com-
mon barriers to vaccination when applicable.

Limitations

Our rapid review is subject to language bias due to the exclu-
sion of non-English studies, which increases the risk of omit-
ting key non-English findings. The findings are not 
generalizable to critical infrastructure sectors not represented 
in the identified studies; this limitation applies also to the 
healthcare sector, which was excluded consistently with the 
study scope. In line with the rapid nature of the review 
approach, this review was conducted within a three-month 
timeframe making it less comprehensive than a systematic 
review. The likelihood of errors increases because only one 
person conducted the data extraction process. Our review 
also increases the potential for bias because we did not include 
gray literature that excludes unpublished data and negative 
results. Lastly, excluding studies published before 2012 may 
have increased the likelihood of not considering older signifi-
cant results. Despite these limitations, our rapid review is the 
first to assess barriers to vaccination and effective vaccine 
uptake strategies across different infectious diseases among 
employees in the critical infrastructure sectors while utilizing 
the WHO’s 3C model of vaccine hesitancy.

Recommendations

Based on our findings, we recommend the implementation of 
disease-specific vaccine uptake strategies because barriers to 
employee vaccination differ by infectious disease. For example, 
for boosters like for MMR, tetanus, and COVID-19, program 
planners should focus on communicating/reminding employ-
ees about boosting and the importance of receiving boosters. 
Further, where possible, employers should include employee 
families within workplace vaccination programs as this strategy 
has been effective at not only increasing workplace vaccination 
but also community vaccination. Additionally, depending on 
resource availability, critical infrastructure sectors can utilize 
the multicomponent strategy approach to determine which 
combination of strategies works best for their specific sector. 
To determine the most effective multicomponent strategy 
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combination, sectors are advised to document implemented 
strategies and develop a program monitoring and evaluation 
plan. We recommend the implementation of evidence-based 
single-component strategies that address the most common 
barrier to employee vaccination. To achieve this, sectors should 
consider conducting an employee needs assessment. We also 
recommend understanding the concerns that vaccinated 
employees have about vaccines. This can be achieved by utiliz-
ing health professionals or respected community leaders in 
vaccine campaign events or by creating forums where employ-
ees can talk about vaccine concerns.

This review identified critical knowledge gaps in the avail-
able literature regarding critical infrastructure-sector employee 
vaccination. For instance, the limited number of studies asses-
sing barriers to employee vaccination and effective vaccine 
uptake strategies for non-healthcare related critical infrastruc-
ture sectors suggests an urgent need to study the key determi-
nants of vaccination within these sectors. Additionally, the lack 
of studies representing other critical infrastructure sectors is 
unsettling and should be remedied by studies focused on 
determining factors that influence employee vaccination beha-
viors within these unrepresented sectors. Despite the effective-
ness of the multicomponent strategies identified within this 
review, vaccine uptake cannot be attributed to any one strategy. 
Therefore, additional strategies should be evaluated for effec-
tiveness at increasing vaccine uptake to ensure that resources 
are prioritized to strategies that yield higher vaccination rates 
in a particular critical infrastructure sector. In summary, our 
review provides new insight on the existence of differences to 
vaccination barriers for employees by sector and by infectious 
disease. Consequently, these findings will play a vital role in 
informing future research and policies aimed at addressing low 
vaccination and reducing vaccine hesitancy.
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