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Factors Associated with Healthcare Worker Acceptance of
Vaccination: A Systematic Review and Meta-analysis

Marija Vasilevska, BA;' Jennifer Ku, MSc;* David N. Fisman, MD, MPH, FRCPC'

BACKGROUND AND OBJECTIVE. Healthcare workers experience occupational risk of infection and may transmit infections to patients.
Vaccination provides an efficient means of protecting workers and patients, but uptake may be low. We sought to identify factors influencing
vaccine acceptance by healthcare workers in order to obtain insights leading to more effective vaccination programs in this population.

DESIGN. Systematic review and meta-analysis.

METHODS. We searched Medline, Embase, and CINAHL databases to identify studies published up to May 2012. Factors influencing
vaccination acceptance were devised a priori. Random-effects meta-analysis was performed to generate summary estimates of effect.
Heterogeneity and publication bias were explored using statistical tools.

RESULTS. Thirty-seven studies evaluating a variety of vaccines (against influenza, pertussis, smallpox, anthrax, and hepatitis B) were
included. Homogeneous effects on vaccine acceptance were identified with desire for self-protection (odds ratio [OR], 3.42 [95% confidence
interval (CI), 2.42-4.82]) and desire to protect family and friends (OR, 3.28 [95% CI, 1.10-9.75]). Concern that vaccine transmits the
illness it was meant to prevent decreased acceptance (OR, 0.42 [95% CI, 0.30-0.58]). Differences in physician and nurse acceptance of

immunization were seen between Asian and non-Asian studies.

CONCLUSIONS.

Consideration of self-protection (rather than absolute disease risk or protection of patients) appears the strongest and

most consistent driver of healthcare workers’ decisions to accept vaccination, though other factors may also be impactful, and reasons for
between-study divergence in effects is an important area for future research. This finding has important implications for the design of

programs to enhance healthcare worker vaccine uptake.

Infect Control Hosp Epidemiol 2014;35(6):699-708

Infectious diseases pose an important threat to both patients
and workers in the healthcare setting. Transmission of influ-
enza, pertussis, respiratory syncitial virus, Mycoplasma pneu-
monia,'* and other pathogens by infected healthcare workers
may have disastrous consequences for patients already com-
promised by the health condition leading to hospitalization.
Transmission of pathogens like those above as well as un-
common pathogens, such as SARS coronavirus, creates risk
for healthcare workers.”

Influenza may be the most commonly transmitted, poten-
tially virulent respiratory pathogen in the healthcare setting.®
Influenza vaccination of healthcare workers is inexpensive
and safe and reduces transmission to both workers and pa-
tients.”® Nonetheless, the uptake of influenza vaccination by
healthcare workers is disappointing.” Attempts to mandate
vaccination for these workers have been met with consid-
erable resistance from professional organizations and unions.’
More recently, it has been suggested that healthcare workers
whose immunity to pertussis has waned may transmit per-

tussis to patients, particularly in the pediatric setting.” The
US Advisory Committee on Immunization Practices advo-
cates receipt of a booster dose of diphtheria-tetanus-acellular
pertussis vaccine by healthcare workers in order to prevent
transmission to patients; however, the historical challenges in
attaining high rates of influenza vaccination in healthcare
workers suggest that uptake of pertussis boosting by this
group may be limited.

While the reasons for healthcare worker refusal of vacci-
nation are likely to be numerous, complex, and interrelated,
the ability to increase voluntary vaccination uptake requires
that they be well understood. Recent systematic reviews
and a meta-analysis study have identified important predic-
tors of acceptance of influenza vaccination in healthcare
workers,'”"* but to our knowledge there has been no attempt
to generate a systematic review of characteristics and beliefs
that are nondisease specific, more broadly predictive of vac-
cine acceptance by individual healthcare workers. The
broader approach to reasons for accepting or refusing vac-
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cination by healthcare workers could potentially identify pre-
dictive factors that might have been overlooked when focus-
ing on specific diseases/vaccines or confirm already identified
predictors by previous studies. Our objectives were to conduct
such a review, to quantify the relative strength of factors
favoring vaccine acceptance, and to identify evidence and
sources of between-study heterogeneity in the relative
strength of factors predictive of vaccine acceptance.

METHODS
Search Strategy

We performed a systematic search of the available medical
literature, using the Ovid interface to search Medline, Embase,
and CINAHL databases to identify relevant studies published
up to May 2012. Search terms included “vaccination” or “im-
munization” and “health personnel” or “health personnel at-
titude” or “hospital personnel” or “medical personnel” or
“medical staff, hospital” or “nurse” or “physician” or “guide-
line adherence.” Additional studies were identified from the
reference lists of retrieved articles and by using the Google
Scholar search engine (http://scholar.google.ca). The titles
and abstracts of all identified citations were reviewed elec-
tronically by 2 reviewers (M.V. and J.K.). Studies that could
not be excluded on the basis of this initial review were re-
trieved and reviewed in full. Any disagreements regarding
study selection and data extraction were resolved through
discussion.
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Inclusion and Exclusion Criteria and
Study Quality Assessment

We included original research studies that evaluated (1) vac-
cine uptake by healthcare workers employed in inpatient or
outpatient medical settings and/or long-term care centers and
either (2) provided a quantitative description of character-
istics of individuals who received or intended to receive vac-
cination—as well as those who did not (or did not intend
to) receive vaccination—sufficient for calculation of odds ra-
tios (ORs) or (3) provided ORs or relative risks for factors
associated with vaccination, with confidence intervals or other
information sufficient for calculation of standard errors.

We excluded studies that evaluated only aggregate changes
in vaccine uptake after introduction of measures to enhance
uptake, studies restricted to first responders other than emer-
gency medical personnel (eg, police or firefighters), studies
restricted to other occupational groups (eg, military person-
nel), and studies in which the majority of subjects were chil-
dren or minors. No language restrictions were placed on the
search. Because our interest was in identifying factors asso-
ciated with voluntary acceptance of vaccination, we did not
include studies that described coercion as a means of in-
creasing vaccine uptake.”*"

We assessed the methodological quality of the studies by
using the Downs and Black grading approach,'® according to
the following quality criteria: (1) clearly stated aim, (2) clearly
defined study population, (3) study sample representative of

Studies identified through database
searching (n=7002)
Medline: 1795, Embase: 4306, Cinahl: 901

Full-text studies reviewed
(n=116)

Additional studies identified

Scholar, references (n=8)

through other sources: Google >

Full-text studies excluded
(don’t meet inclusion criteria)
(n=53)

Eligible studies
(n=66)

Duplicates removed
(n=29)

Studies included in meta-analysis
(n=37)

FIGURE 1.
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Flow diagram representing the process of identifying and including studies in the meta-analysis.
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TABLE 3. Results
No. of  Pooled Publication
Factor studies OR 95% CI P Q statistic P bias P
Demographic
Employment as a nurse??*30-72363842,44:47,51,52:3536,38 15 0.66  0.46-0.97 .033 <.001 <.001
Employment as a physician®»?*?%?%36:37:424347,30-52.3658 14 1.61  0.97-2.67 .065 <.001 .390
Older age®?3231333337:403034:37 15 1.06 0.76-1.48 .739 <.001 .621
Female sex?*2¢2871,723738:40:47:48,30,51,53,55-57,59 17 0.91 0.76-1.08 273 <.001 926
Perceived benefits
Self-protection®>*?%4-%¢ 5 342 2.42-4.82 <.001 71 202
Prevent illness in patients*>>**#>463¢ 6 296  1.49-5.96 .002 <.001 .021
Prevent illness in family or friends™*' 2 3.28  1.10-9.75 .033 .15
Perceived risks
Acquiring the disease®>*2627071,3436:4346.49,55,56.59 16 1.74  1.30-2.33 <.001 <.001 .047
Disease from vaccination®? #1424 7 0.42  0.30-0.58 <.001 .10 .966
Vaccine unsafe’®?36434452,3559 9 0.51  0.32-0.83 .006 <.001 .021
Perceived efficacy of vaccine
Belief that vaccine is effective®>*?03!3338:41:43,434651,56 12 226 1.62-3.16 <.001 <.001 175
Cost and convenience
Provision of vaccines free of charge’®*** 3 470  2.32-9.51 <.001 .025 210
Convenient access to vaccination®*"** 3 13.83  0.78-246.75 .074 <.001 .784

NOTE. CI, confidence interval; OR, odds ratio.

the source population (eg, appeared to be selected in an un-
biased manner, with high response rates for surveys), (4)
attempt made to adjust for confounding, (5) attempt made
to validate survey responses to institutional records where
possible, and (6) discussion of study limitations. Each cri-
terion was scored as 1 (yes) or 0 (no), and by summing up
the scores, each study was classified as high quality (5+
points), moderate quality (3—4 points), or poor quality (<3
points). Study quality was graded independently by 2 authors
(M.V. and D.N.E.). Results were compared and disagreements
resolved through discussion.

Conceptual Framework

Factors associated with acceptance or rejection of vaccination
were grouped under 5 major headings that were devised a
priori and are specific to vaccination but are closely related
to the conceptual model of compliance described by Becker
and Maiman.” These included (1) demographic and occu-
pational characteristics (eg, age, sex, or job type), (2) facili-
tators such as convenience and cost (eg, time required for
vaccination, introduction of mobile vaccine carts, and vac-
cines provided free of charge), (3) perceived benefits to self
and others associated with vaccination (desire to protect self,
patients, and family/friends), (4) barriers such as perceived
risk of acquiring disease and perceived risk of acquiring dis-
ease as a result of vaccination or perceived safety of vaccine,
and (5) perceived efficacy of vaccine (the association between
healthcare worker belief in vaccine efficacy and their incli-
nation to be vaccinated).

Meta-analysis

When quantitative data were sufficient for estimation of ORs
for factors favoring vaccine acceptance or rejection (eg, raw

https://doi.org/10.1086/676427 Published online by Cambridge University Press

data sufficient for construction of a 2 x 2 table; estimates
of relative risk accompanied confidence intervals), we incor-
porated such data into summary pooled estimates of ORs
using random-effects models."® When adjusted ORs or rel-
ative risks were available, these were used preferentially.

Evidence of between-study heterogeneity was assessed us-
ing the Q statistic of DerSimonian and Laird.” Although
summary ORs were calculated in the presence of significant
(P < .05) between-study heterogeneity, such estimates should
be interpreted with caution. Sources of heterogeneity were
explored in subgroup analyses and using meta-regression
techniques.”® We explored geographical region (Europe, Asia,
or North America, which accounted for most included stud-
ies) as a potential source of heterogeneity of effects through
stratified analyses and construction of meta-regression mod-
els for worker characteristics and perceptions of interest. We
used similar methods to evaluate heterogeneity related to vac-
cine type (seasonal influenza, pandemic influenza, or non-
influenza vaccines), publication year, and study quality.

Finally, we anticipated publication bias because we ex-
pected published studies to be more likely to present data
suitable for inclusion in meta-analyses when statistically sig-
nificant effects were observed (eg, it was our expectation that
null effects would be commonly described as such, without
inclusion of quantitative data). We explored the presence of
publication bias graphically by constructing a funnel plot of
relative risk and study variance and statistically using Egger’s
regression asymmetry plot.*'

RESULTS

A total of 7,002 citations were retrieved using the search strategy
described above. Review of titles and abstracts resulted in 116
studies being retrieved and reviewed in full (Figure 1). Of these,
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FIGURE 2.

Forest plot of odds ratio (OR) of self protection as a factor associated with healthcare worker willingness to accept vaccination.

Area of boxes is proportional to inverse of study variance. Horizontal lines represent 95% confidence intervals (Cls). Diamond represents
summary estimate of ORs and confidence limits (OR, 3.42 [95% CI, 2.42—4.82]). Vertical line represents OR = 1. X-axis is on a log scale.

53 were excluded because they did not meet the inclusion
criteria. Three additional studies were identified from the ref-
erence lists of the retrieved articles.””* A total of 37 articles
met the criteria for further analysis. Table 1 presents the char-
acteristics of all studies included in our systematic review and
meta-analysis.

Eligible studies were published from 1989 through May
2012. Nine of the studies were conducted in Europe, 20 in
North America, 5 in Asia, and 1 in South America. One study
recruited healthcare workers from 3 locations (Hong Kong,
Singapore, and Leicester),” and 1 study was conducted in
Saudi Arabia but included healthcare workers of several na-
tionalities.”® Twenty-three of 37 (62%) studies evaluated fac-
tors associated with seasonal influenza vaccine uptake; 3 fo-
cused on influenza A (HIN1) p2009, and 2 studies evaluated
factors associated with both seasonal influenza and influenza
A (HIN1) p2009 vaccine uptake; 1 study focused on highly
pathogenic avian influenza A (H5N1), 2 on smallpox, and 4
on hepatitis B vaccination uptake. The remaining 2 studies
evaluated pertussis boosting and anthrax vaccination. Eleven
studies out of 37 were assessed as high quality, 22 as moderate
quality, and 4 as poor quality, on the basis of the described
quality assessment criteria above. All factors associated with
acceptance or rejection of vaccination, investigated by study,
are presented in Table 2.

The results of our meta-analysis are presented in Table 3.
Although numerous factors appeared to be associated with
the choice to receive vaccination, many factors were associ-
ated with significant heterogeneity across studies; conse-

https://doi.org/10.1086/676427 Published online by Cambridge University Press

quently, pooled estimates of effect should be interpreted with
caution. All 3 factors that were significantly and homoge-
neously associated with the decision to accept vaccination
related to protection of one’s self and/or one’s family or
friends: desire for self-protection (pooled OR, 3.42 [95% CI,
2.42-4.82]; Figure 2), desire to prevent illness in family or
friends (pooled OR, 3.28 [95% CI, 1.10-9.75]), and percep-
tion that the vaccine itself may cause the disease it is intended
to prevent (pooled OR, 0.42 [95% CI, 0.30-0.58]; Figure 3).
While desire to prevent illness in patients was associated with
increased likelihood of vaccine acceptance (pooled OR, 2.96
[95% CI, 1.49-5.96]), there was significant heterogeneity in
this effect across studies (Q statistic P = .002). However,
exploration of meta-influence plots suggested that a single
study (by Pareek et al)** explained most between-study het-
erogeneity. When this study was removed, the effect of patient
protection increased (pooled OR, 4.11 [95% CI, 3.12-5.41]),
and estimates were no longer heterogeneous (Q statistic, 2.01
on 4 df; P = .73).

Perceived risk of disease in the absence of vaccination,
belief that the vaccine itself is safe, and belief that the vaccine
is effective (Figure 4) also appeared to influence desire to
receive vaccination, though these estimates were heteroge-
neous, and vaccine safety effects showed evidence of publi-
cation bias (P = 0.021). Efforts to enhance convenience of
vaccination were not significantly associated with acceptance,
while free vaccine provision was, but again, these estimates
were heterogeneous, and pooled estimates of effect should be
interpreted with caution. Among demographic and employ-
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Piccirillo et al.

O'Reilly et al.
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FIGURE 3.

Forest plot of odds ratio (OR) of the perceived risk of contracting the disease as a result of vaccination as a factor associated

with healthcare worker willingness to accept vaccination. Area of boxes is proportional to inverse of study variance. Horizontal lines
represent 95% confidence intervals (Cls). Diamond represents summary estimate of ORs and confidence limits (OR, 0.42 [95% CI, 0.30—

0.58]). Vertical line represents OR = 1. X-axis is on a log scale.

ment-related factors, only employment as a nurse appeared
to predict decreased vaccine uptake (pooled OR, 0.66 [95%
CI, 0.46—0.97]), but this estimate was heterogeneous (Q sta-
tistic P < .001), and Egger’s test was also suggestive of pub-
lication bias (P < .001; ie, small studies that found decreased
acceptance of vaccines by nurses were more likely to be pub-
lished than expected, on the basis of mean effects).

Explorations of heterogeneity of effects by geographical
region suggested that in Asian studies, nurses were more likely
to accept vaccine, while physicians appeared less likely to
accept vaccine, relative to European and North American
studies (relative odds of acceptance by nurses in Asian studies,
2.29 [95% CI, 1.03-5.07]; relative odds of acceptance by phy-
sicians in Asian studies, 0.30 [95% CI, 0.13-0.70]). No other
geographic variation in effects was seen.

When we explored influenza vaccination (seasonal, pan-
demic, or both) versus noninfluenza vaccination as a source
of heterogeneity in estimates of effect, we failed to find sig-
nificant differences in effects across studies. Among studies
that evaluated the desire to protect patients as a predictor of
acceptance of influenza vaccination, all between-study het-
erogeneity in effects could be attributed to differences be-
tween seasonal influenza vaccine and pandemic influenza vac-
cine. For the former, patient protection was a strong predictor
of vaccine acceptance (pooled OR, 4.11 [95% CI, 3.12-5.40];
for heterogeneity, P = .73). This effect was not seen for
pandemic vaccine (OR, 0.67 [95% CI, 0.41-1.10]).

We did not identify any contribution of year of publication
to between-study heterogeneity in effects. In meta-regression
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analyses evaluating study quality, we found that high-quality
studies identified decreased acceptance of immunization by
nurses (OR, 0.44 [95% CI, 0.24-0.81]) as compared with low-
quality studies (OR, 0.82 [95% CI, 0.53—-1.27]; for difference
in effects, P = .033), but significant heterogeneity remained
in both high- and low-quality strata. No differences were seen
between high- and low-quality studies for any other
characteristic.

DISCUSSION

We performed a comprehensive, quantitative systematic re-
view of factors that contribute to healthcare workers’ deci-
sions to accept vaccination. While our ability to draw firm
conclusions across domains is hampered by between-study
heterogeneity, we were able to identify several clear and con-
sistent predictors of vaccine acceptance. Key among these was
a belief by healthcare workers that vaccines would protect
them and their families and that vaccines would be safe and,
in particular, would not cause the disease they were meant
to prevent. This latter concern is not uncommonly voiced
with reference to influenza vaccines."

We also found a statistically significant association between
a desire to protect patients and willingness to accept vacci-
nation and noted that heterogeneity in this effect appeared
to be driven by a single outlying study. Emphasis on protective
effects of vaccines for workers, their families, and patients
may thus constitute an important key message for immu-
nization promotion programs in the healthcare setting. With
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FIGURE 4.

Forest plot of odds ratio (OR) of vaccine efficacy as a factor associated with healthcare worker willingness to accept vaccination.

Area of boxes is proportional to inverse of study variance. Horizontal lines represent 95% confidence intervals. Diamond represents summary
estimate of ORs and confidence limits. Pooled estimate should be interpreted with caution because of substantial between-study heterogeneity
in effects (OR, 2.26 [95% CI, 1.62-3.16]). Vertical line represents OR = 1. X-axis is on a log scale.

respect to the singular importance of self-protection as a
driver of vaccine acceptance, our study is consistent with the
findings of other systematic reviews that have been restricted
to influenza vaccine."™'' For example, in a study that at-
tempted to weigh qualitative concerns voiced by healthcare
workers deciding whether to accept influenza vaccination,
Hollemeyer et al'' found that interest in self-protection was
by far the most prominent driver of vaccine acceptance, with
patient protection given less weight.

We do not wish to imply that correct messaging along a
single domain will ensure optimal uptake of vaccination by
healthcare workers. Multidomain strategies (eg, the combi-
nation of education, messaging related to self-protection, and
convenience-enhancing measures such as mobile carts) may
result in effects on vaccine uptake that are greater than would
be expected on the basis of the combined effects of individual
domains.”

We did identify important geographical heterogeneity in
effects in meta-regression analyses, particularly with respect
to the tendency of physicians and nurses to accept immu-
nization. This highlights the importance of vaccine promo-
tion programs that take into account the nuances in behavior
and culture that may exist in a given country or region rather
than “one size fits all” approaches to enhancing vaccination
uptake.

Like any systematic review, our study is subject to limi-
tations. In particular, variability in study designs, populations,
and measurements is likely responsible for the statistical het-
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erogeneity in effects that we observed in most domains. We
were able to explore influenza vaccination versus other types
of vaccination and global regions as possible sources of het-
erogeneity, but the breadth of our review made such evalu-
ations for all possible study characteristics—and all possible
factors enhancing uptake—impractical. We regard this as a
potential area for future study. We did identify evidence of
publication bias, particularly with reference to studies that
reported increased risk of vaccine refusal by nurses and per-
ceived lack of safety related to vaccines. Furthermore, the
quality of our pooled estimates must, out of necessity, reflect
the varying quality of included studies. Because studies were
observational in nature, there exists the possibility of residual
confounding in estimates used for pooling. Because of con-
cerns about possible ecological fallacy, we excluded studies
that looked at aggregate—rather than individual—vaccine
uptake. Because healthcare workers are aware of the expec-
tation of vaccine acceptance, and because studies evaluated
self-reported preferences, studies may be subject to social
desirability biases, with workers stating that they would accept
vaccination when in reality they would not. Finally, the Cen-
ters for Disease Control and Prevention now define healthcare
personnel to include students, trainees, and volunteers. We
do not believe any included study evaluated students or vol-
unteers; consequently, our results are not applicable to these
populations.

In summary, we performed a systematic quantitative review
of factors associated with vaccine acceptance by healthcare
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workers across a broad array of vaccine types. Our findings
echo those of recent reviews that have focused on influenza
vaccine, particularly the strength and consistency of self-pro-
tection as opposed to patient protection as a driver of vaccine
uptake. These data may be helpful in the ongoing design and
refinement of healthcare worker immunization programs.
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