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Abstract 296/300 words 

Background: The dynamic relationships between individual- and community-level behaviors 

and outcomes are at the heart of public health. Herd immunity, or community immunity, offers 

an example of such a relationship. Community immunity occurs when susceptible people in a 

population are indirectly protected from infection thanks to the pervasiveness of immunity within 

the population. Knowledge of such relationship varies among the general public. 

Methods: We searched PubMed, EMBASE, CINAHL, the Cochrane Central Register of 

Controlled Trials and Web of Science for peer-reviewed articles describing interventions with or 

without evaluations. We then conducted web searches with Google to identify interventions 

lacking associated publications. We extracted data about the target population of the 

interventions, the interventions themselves (e.g., did they describe what community immunity is, 

and how it works), any effects of evaluated interventions, and synthesized data narratively. 

Results: We identified 32 interventions: 11 interventions described in peer-reviewed articles and 

21 interventions without associated articles. Of the 32 interventions, 5 described what 

community immunity is, 6 described the mechanisms of how community immunity occurs and 

21 described both. Fourteen of the 32 addressed infectious diseases in general while the other 13 

addressed one or more specific diseases. Twelve of the 32 interventions used videos, 7 used 

interactive simulations and 6 used questionnaires. Ten of the 11 peer-reviewed articles described 

studies evaluating the effects of the interventions; of these 10, 4 reported increased knowledge 

about immunization, 3 reported shifts of attitudes in favour of vaccination, 1 reported an increase 

in intentions to vaccinate among participants who viewed an visual simulation. 

Conclusions: A compelling benefit of vaccination exists at the population level in the form of 

community immunity. Identifying ways to do this may be important, because some evidence 
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suggests that effective communication about community immunity can increase vaccine 

intentions. 

 

Highlights (3-5 bullet points, max 85 characters each including spaces) 

● Little evidence is available about the effects of communicating about community 

immunity. 

● Effective communication about community immunity may increase vaccine intentions. 

● Future research should focus on how to communicate this concept effectively. 

 

Keywords: Community Immunity, Herd Immunity, Vaccination, Vaccine Hesitancy 

1. Introduction 

Many vaccines protect against disease not only by preventing infection in those receiving the 

vaccine, but also by preventing the infection from being transmitted from one person to another 

[1,2]. The terms herd immunity and community immunity refer to the indirect protection of 

unvaccinated people obtained by elevating the pervasiveness of immunity within a population. 

Such an elevation breaks the chain of transmission and decreases one’s probability of contact 

with an infectious agent [2]. In this paper we use the term community immunity. 

 

Previous research has suggested that potential benefits and harms at the individual level are more 

influential than those at the community level on people’s decisions to immunize or not [3]. 
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However, it is not clear whether people understand what is community immunity but don’t find it 

important, or whether they don’t understand how it works. That is, are the relationships between 

individual-level vaccination behaviour and individual- and community-level benefits and harms 

made clear to people? This is a complex communication task, because whether or not a given 

population achieves community immunity depends on many variables, including vaccine 

effectiveness, vaccine coverage, distribution patterns of infection among populations, timing of 

vaccine administration and serotype replacement [4]. Given the underlying complexity of 

community immunity as a concept, it is plausible that its lack of observed influence on 

vaccination decisions [5,6] may stem at least partly from a lack of clarity about the concept by 

members of the public. 

 

In this systematic review, we aimed to synthesize evidence about interventions intended to help 

members of the general public better understand the concept of community immunity. By 

interventions, we mean any method, strategy, or tool developed to help people understand the 

concept of community immunity. Because visualization is a powerful way to convey complex 

topics [7,8] and because visualizations have proved effective at helping members of the public 

understand other related mathematical concepts such as how population-based statistics apply to 

an individual [7,9], we were particularly interested in web-based visualizations as interventions. 

By visualization, we mean visual presentations of data or information. These presentations may 

be static or dynamic, and interactive or not. The objective of this systematic review was therefore 

to describe interventions, including web-based interventions, aimed at conveying the concept of 

community immunity and to describe any reported effects of such interventions. 
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2. Methods 

2.1. Search strategy 

To identify peer-reviewed literature describing interventions, we searched PubMed, EMBASE, 

CINAHL, the Cochrane Central Register of Controlled Trials and Web of Science on April 19, 

2016, updated on January 25, 2018 to identify any newer articles. The full search strategy is 

available in Supplemental file 1. We did not apply any language or publication date restrictions. 

In addition, we retrieved further studies by searching the references of relevant review articles 

[10–19], by a hand search of articles cited by or cited in the included articles, and by consulting 

with 33 experts through professional networks of co-authors for suggestions of relevant 

published or unpublished literature or web-based interventions missed during our search. 

 

To identify interventions that may not have associated publications, we conducted an online 

Google search in two stages. We sought any web-based representations conveying the concept of 

herd immunity or community immunity. First, on April 24th 2017, we conducted a standard 

search using Google to find web-based representations which had herd immunity components or 

were about explaining community immunity. We used six search terms “Herd immunity”, “Herd 

protection” , “Herd effect”, “Community protection”, “Indirect protection”, “Community 

immunity” combining each with, “AND (simulation OR animation OR visualization)”. We 

reviewed the first 30 results for each search, as it is rare for users to click past the third page of 

ten search results per page, and therefore, researchers analyzing medical content available on the 

web often use 30 as a threshold [20–23]. On June 9, 2017, we conducted the same searches in 

private browsing mode to ascertain whether our results had been affected by a “filter bubble” 
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[24]; that is, the way Google search results are adapted to one’s previous browsing activity .  

2.2. Study Selection and Screening Process 

Two reviewers (HH, TP) independently identified and screened all studies and web-based 

interventions for their eligibility. Conflicts were resolved by a third reviewer (HW). We used 

PICO (Population, Intervention, Comparison, and Outcome) to structure study inclusion and 

exclusion criteria. Our population of interest was the general public or any subgroup thereof. We 

sought studies describing any strategies, tools or methods (including campaigns and educational 

tools) designed to help people understand more about the concept of community immunity. Our 

comparator was any control, including offering no education about community immunity or 

comparing participants before and after an intervention. Our outcomes of interest included 

common outcomes in vaccination acceptance studies: knowledge (comprehension, 

understanding), attitudes (attitudes toward or against vaccination), beliefs (risk perceptions, 

perceived benefits), and behavioural intentions (intentions to be vaccinated or not). We also 

sought to extract any data about emotions (e.g., fear, anxiety), as emotions are key drivers of 

decisions [25]. 

  

We excluded studies that did not have a component specifically about community immunity; for 

example, studies about policies, policy decision-making, vaccine provision programs, vaccine 

hesitancy, or anti-vaccine movements. For web-based tools, our inclusion and exclusion criteria 

used the same specifications regarding population and intervention. We did not apply 

comparison and outcome criteria to web-based tools because we did not expect these to report 

evaluation studies.We report this review according to PRISMA guidelines (see PRISMA 
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checklist in Supplemental file 2). This systematic review was registered in PROSPERO 

(CRD42017069206). 

2.3. Data Extraction 

Two people (HH, TP) independently extracted data from included articles and web-based 

interventions. Conflicts were resolved by a third reviewer (HW). From included articles and 

web-based interventions, we extracted information about: (1) the type of intervention 

(educational material for home use, live education session, etc.) (2) the medium of the 

intervention (paper, web, etc.), (3) the objective of the study or intervention, (4) whether the 

intervention was solely about community immunity or whether it was a broader intervention, (5) 

whether the intervention aimed to convey the importance or existence of community immunity 

(the “what” of community immunity; i.e., the existence of community-level protection to 

safeguard those who are not immune), how it works (the “how” of community immunity; i.e., 

community immunity is achieved by preventing the spread of infection from one person to 

another within the community), or both, and for evaluated interventions, (6) the characteristics of 

study participants and (7) outcomes observed. We extracted data about interventions’ effects on 

knowledge, attitudes, beliefs (perceived benefits, perceived risks), and behaviours. We pre-

selected these outcomes based on the Health Belief Model [26,27], a model widely used to 

predict health related-behaviours and to assess outcomes in studies of interventions about 

vaccination and immunization [10–13]. In the case of vaccination, people may rely on emotional, 

cultural, and social factors before making a decision [28,29]. Cultural and social factors are 

unlikely to be changed by interventions but emotions may be affected. Therefore, we also 

extracted data about emotions elicited by interventions based on the Affect Heuristic theoretical 
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framework, which describes the role and importance of emotions in judgment and decisions [25]. 

Because we sought to understand all possible effects, we did not prespecify any of these as a 

primary outcome. 

2.4. Data Validation 

When we were missing details or were uncertain about data, we contacted authors to review the 

data we had extracted about their studies. We contacted four authors via email. We received 

responses from three of these four, who reviewed the draft extractions we had sent as well as 

provided us with additional data not reported in their publication. After a reminder email with no 

response, we also followed up with the nonresponding author and their co-authors by email and 

phone, but were not able to reach any member of the authorship team. 

2.5. Quality Assessment 

We used the Mixed Methods Appraisal Tool (MMAT) by Pluye and colleagues [30] to assess the 

quality of all studies. Quality assessment was conducted independently by two reviewers (HH, 

TP) and disagreements were settled through discussion until consensus was reached. Remaining 

conflicts among them was resolved by a third reviewer (HW). 

2.6. Data Synthesis 

We organized data in tables and synthesized it descriptively. We also calculated observed 

heterogeneity (Higgins I2) to determine whether it would be possible to conduct meta-analyses of 

available randomized controlled trials [31,32] on common outcomes, namely, behavioural 

intentions, perceived risk of disease, and perceived risk of vaccination. We used package meta 
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version 4.4-0 [33] within R version 3.3.0 [34] for these calculations. 

3. Results 

3.1. Articles Identified, Scope of Literature  

We identified a total of 16,012 records through database searches and 529 interventions through 

Google searches. After removing duplicates, we screened 9,380 database records and 285 Web-

based representations. After our private browsing mode search, no change was detected that was 

different from our previous search. Through these methods, we identified 8 articles and 19 web-

based representations. Hand-searching yielded three other articles and two additional web-based 

representations. Thus, our final data set included 11 peer-reviewed articles and 21 web-based 

representations, for a total of 32 interventions. Figure 1 shows our PRISMA diagram. 

[Figure about here] 

Out of 11 interventions described in peer-reviewed articles, 3 were solely about community 

immunity while the other 8 had a component about community immunity within a larger 

intervention (Table 1). Out of 21 web-based representations, 18 were solely about community 

immunity while the other 3 had a component about community immunity within a larger 

intervention (Table 2). Thus, out of 32 interventions in total (peer-reviewed and web-based 

representations together), 21 were solely about community immunity, and 11 had included 

community immunity as a component of a larger intervention. Five interventions aimed to 

convey the “what” of community immunity, meaning what it is, six addressed the “how” of 

community immunity, meaning how it works, and 21 interventions addressed both (Table 3). As 

shown in Table 3, web-based representations generally included elements of the “how” of 
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community immunity whereas this was not necessarily the case for interventions presented in the 

peer-reviewed literature. For example, 4 out of 11 (36%) interventions described in the peer-

reviewed literature conveyed that community immunity works by preventing the spread of 

infection, whereas 17 out of 21 (81%) web-based representations did the same. Ten out of 11 

peer-reviewed articles reported evaluating the intervention according to at least one of our 

outcomes of interest and described the demographic characteristics of participants (Table 4; 

Table 5). 

[Table 1, Table 2, and Table 3 about here] 

3.2. Quality Assessment 

Table 4 provides Mixed Methods Assessment Tool scores of all evaluated peer-reviewed articles 

included in our review. Of the ten studies, four had high quality scores (75% or above), two were 

of medium quality (50%) and four were of low quality (25%) on this measure. Supplemental 

files 3 and 4 provides full details.  

[Table 4 about here] 

3.3. Effects of Evaluated Interventions 

Ten studies evaluated at least one of our outcomes of interest. Four studies that assessed 

knowledge (2 high quality, 1 medium quality, 1 low quality) showed an increase in knowledge 

about immunization in general [35–38]. These studies were larger interventions that included 

information about community immunity as a component of the intervention. The community 

immunity component was not evaluated independently. Three studies out of five that assessed 

attitudes (1 high quality, 1 medium quality, 3 low quality) showed the intervention shifted 



 
 

14 

attitudes more in favour of vaccination [36–40]. One study (high-quality) of an intervention 

specifically about community immunity showed an increase in intentions to vaccinate when the 

intervention was interactive and the concept of community immunity was explained [32]. One 

study (low quality) showed that the intervention may increase interest in vaccination if the 

concept of community immunity was explained as one’s vaccination protecting others in society 

[41]. Four studies (1 high quality, 1 medium quality, 2 low quality) did not show any significant 

influences on attitudes and intentions to vaccinate [34,42,43,45]. Out of the three studies that 

evaluated the effects of an intervention solely about community immunity, two resulted in an 

increase in intentions to vaccinate [32,41] while the other demonstrated no change[31] . No 

studies evaluated the effects of interventions on emotions. Summarized outcomes are shown in 

Table 5. 

[Table 5 about here] 

3.4. Meta-Analysis 

Two randomized controlled trials [34,35] tested outcomes in common, specifically, the effects of 

communicating information about community immunity on behavioural intentions, perceived 

risk of disease, and perceived risk of vaccination. Mean I^2 estimates were 63% (see 

Supplemental file 5), confirming high heterogeneity between the two studies, meaning that 

reliable meta-analytic results were not possible. 

4. Discussion 

In this study, we aimed to describe interventions aimed at conveying the concept of community 

immunity and to describe any reported effects of such interventions. Our results lead us to four 
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principal findings. 

 

First, there is relatively little evidence about the effects of communicating about community 

immunity. Although a number of interventions described in the literature included a component 

about community immunity, few studies isolated the effects of such a component. This makes it 

difficult to interpret and report the effectiveness of interventions about community immunity, as 

any effects of these larger interventions may be due to their other components. However, within 

the limited sample of interventions specifically about community immunity, we observed that 

two out of three such interventions resulted in increases in intentions to vaccinate [32,41]. This 

suggests that communicating population-level benefits of vaccination may encourage vaccine 

uptake. 

 

Second, we identified a number of interventions available online for which we were unable to 

find associated evaluation studies. These web-based representations often showed people not 

only what community immunity is, but also how it is achieved. This may be easier to do using 

dynamic methods such as visualization. It is unknown, however, whether such demonstrations 

make a difference, meaning that although communicating about community immunity may 

encourage vaccination, there remains little evidence about how to do this most effectively. 

Future research could compare different ways of communicating about community immunity to 

assess their influence on people’s views about their role in protecting their community from 

infectious disease.   

 

Third, studies in this review offered few results regarding variables that shape vaccination 
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intentions, such as knowledge or emotion. Although several studies reported effects on 

knowledge about immunization, few reported knowledge specifically about community 

immunity and none assessed emotions as outcomes. Emotions are critical to human decision-

making [42] and influence decisions through their effects on risk perception [47], attitudes, and 

behavioural intentions [43–45]. Future research about the effects of communication interventions 

might therefore be improved by evaluating interventions’ effects on emotions in addition to 

knowledge, attitudes, beliefs, and behavioural intentions. 

 

Fourth and finally, our review documented that most included interventions were designed for 

high-income, Western countries. Moreover, evaluation studies measured the effects of their 

intervention mostly on sub-populations of school, college or university students. These 

population selection factors raise questions about the potential differential effects of 

interventions among members of the general population with varied age groups or education 

levels. One intervention that was designed to be used across cultures was more effective in 

encouraging vaccination intentions in Western countries than it was in Eastern countries. The 

authors noted that this was possibly because baseline vaccine uptake was already high in Eastern 

countries and there was therefore less room for change [32]. Cultural differences and differences 

between countries in terms of vaccination programs may be important to consider when 

analyzing public responses to interventions. 

 

To the best of our knowledge, there are no previous systematic reviews synthesizing 

interventions to convey the concept of community immunity. Previous work has been mostly 

focused on improving knowledge, attitudes, beliefs, and behavioural intentions in order to 
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improve immunization or vaccination coverage, with limited research on how and whether the 

concept of community immunity might be conveyed. 

 

Our systematic review had two main limitations. First, we may be missing relevant data. 

Although we aimed to be meticulous in our search strategy, it is possible that we missed some 

relevant studies or interventions. Even among included studies, when publications lacked details, 

some authors responded to our queries while others were not reachable. In addition, although we 

did not apply any language restriction when searching databases, our web searches used English 

keywords, and therefore, we may have missed interventions in other languages. Second, most of 

our evaluation data came from studies of interventions that included information about 

community immunity as a component of an overall intervention. This means that, in most cases, 

we were unable to isolate the effects of community immunity components. 

5. Conclusions 

This systematic review demonstrates that despite the existence of a number of interventions 

available for conveying the concept of community immunity, little is known about how to make 

this mathematically complex concept comprehensible to members of the general population. 

Identifying ways to do this may be important, because some evidence suggests that effective 

communication about community immunity can increase vaccine intentions. Future research 

should focus on how to communicate this concept effectively and should evaluate interventions’ 

effects on vaccine intentions and uptake as well as their precursors, such as knowledge, attitudes, 

beliefs and emotions.  
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