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Abstract

Background: Seasonal influenza vaccination (SIV) rates remain suboptimal in many populations, 
even in those with universal SIV.
Objective: To summarize the evidence on interventions on health care providers (physicians/
nurses/pharmacists) to increase SIV rates.
Methods: We systematically searched/selected full-text English publications from January 2000 
to July 2019 (PROSPERO-CRD42019147199). Our outcome was the difference in SIV rates between 
patients in intervention and non-intervention groups. We calculated pooled difference using an 
inverse variance, random-effects model.
Results: We included 39 studies from 8370 retrieved citations. Compared with no intervention, 
team-based training/education of physicians significantly increased SIV rates in adult patients: 
20.1% [7.5–32.7%; I2 = 0%; two randomized controlled trials (RCTs)] and 13.4% [8.6–18.1%; I2 = 0%; 
two non-randomized intervention studies (NRS)]. A smaller increase was observed in paediatric 
patients: 7% (0.1–14%; I2 = 0%; two NRS), and in adult patients with team-based training/education 
of physicians and nurses together: 0.9% (0.2–1.5%; I2  =  30.6%; four NRS). One-off provision of 
guidelines/information to physicians, and to both physicians and nurses, increased SIV rates in 
adult patients: 23.8% (15.7–31.8%; I2 = 45.8%; three NRS) and paediatric patients: 24% (8.1–39.9%; 
I2 = 0%; two NRS), respectively. Use of reminders (prompts) by physicians and nurses slightly 
increased SIV rates in paediatric patients: 2.3% (0.5–4.2%; I2 = 0%; two RCTs). A larger increase was 
observed in adult patients: 18.5% (14.8–22.1%; I2 = 0%; two NRS). Evidence from both RCTs and 
NRS showed significant increases in SIV rates with varied combinations of interventions.
Conclusions: Limited evidence suggests various forms of physicians’ and nurses’ education and 
use of reminders may be effective for increasing SIV rates among patients.
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Introduction

Vaccination is one of the most successful interventions against 
vaccine-preventable diseases and is considered to be the most ef-
fective and practical strategy for influenza prevention. Advisory 
bodies such as the World Health Organization (WHO) (1), the 
European Centre for Disease Prevention and Control (ECDC) (2) 
and the advisory committees on immunization in the United States 
of America (USA) (ACIP) (3) and Canada (NACI) (4) recommend 
annual seasonal influenza vaccination (SIV) for individuals 6 months 
of age and above, with emphasis on subpopulations that are at in-
creased risk of developing influenza-related complications such as 
infants, older adults, pregnant women and persons with certain 
morbidities. Consequently, many countries have annual SIV pro-
grammes (5). Despite these programmes, SIV rates remain below na-
tional and WHO targets, even in jurisdictions (health regions) with 
universal (free-for-all) SIV programmes.

Refusal or a delay in acceptance of a vaccine despite its avail-
ability and accessibility (vaccine hesitancy) (6) varies across time and 
place, and may explain the suboptimal SIV rates. This phenomenon 
is thought to be influenced by an individual’s complacency (believing 
disease is not serious or that vaccination is not necessary), conveni-
ence (vaccine availability, accessibility and affordability) and confi-
dence (belief that vaccine works and is safe) in regard to influenza 
vaccination (6). However, health care providers (physicians, nurses, 
pharmacists, etc.) have been identified as the most important advo-
cates and the main source of vaccination information for the public, 
and therefore could facilitate vaccine uptake (7–9).

There have been a few published systematic reviews of interven-
tions focussed on health care providers to increase SIV rates among 
patients. A  Cochrane review focussed only on older community-
based patients in high-income countries (10). Other reviews were 
limited to community-based adult patients (11), or specific patient 
subpopulations and were mainly narrative without meta-analysis 
(12,13). These reviews did not assess if any differences existed in the 
efficacy/effectiveness of interventions across patient populations and 
study types, and across subtypes of an intervention. To address these 
gaps in knowledge, we summarized the evidence to determine if the 
efficacy/effectiveness of the interventions vary by study type, health 
care provider group, patient population and jurisdiction.

Methods

We conducted a systematic review and meta-analysis of the avail-
able evidence, in accordance with the Methodological Expectations 
of the Cochrane Intervention Reviews (MECIR) guidelines (14), 
and reported in compliance with the Preferred Reporting Items 
for Systematic Reviews and Meta-analysis (PRISMA) guide-
lines (15). We developed and registered a protocol for the review 
in the International Prospective Register of Systematic Reviews 
(CRD42019147199) prior to commencement of the review. We in-
cluded published studies of interventions on health care providers 
aimed at improving SIV rates. Only studies conducted from the year 

2000 onwards, with a full-text publication in English, were included. 
We excluded mathematical modelling studies and grey literature.

Search strategy and selection criteria
A knowledge synthesis librarian designed a literature search strategy 
for Medline (Ovid) (Supplementary Table 1). The search strategy 
was peer-reviewed by a second, independent professional knowledge 
synthesis librarian using the PRESS checklist (16). The final search 
strategy was then adapted for EMBASE (Ovid), CINAHL (EBSCO) 
and Scopus (Web) bibliographic databases, and executed. All litera-
ture searches were conducted on 24 July 2019. Identified citations 
from the executed searches were imported into a specially designed 
Microsoft Access 2016 database (Microsoft Corporation, Redmond, 
WA), and screened for eligibility by two independent systematic re-
viewers using a two-stage sifting approach to review the title/ab-
stract and full-text article. The number of ineligible citations at the 
title/abstract screening stage was recorded, and both the number 
and reasons for ineligibility were recorded at the full-text article 
screening stage. Disagreements during these screening stages were 
resolved by discussion between the two systematic reviewers, and a 
third systematic reviewer adjudicated when necessary.

Data extraction
Data extraction was conducted using Microsoft Excel 2016 
(Microsoft Corporation, Redmond, WA) by one reviewer after a 
pilot was conducted on a small selection of the included studies by 
the reviewer and another independent reviewer. A second reviewer 
independently checked the extracted data for errors. Disagreements 
were resolved by discussion between the two reviewers, and a third 
reviewer adjudicated when necessary. We extracted data such as 
study first author’s name, duration, publication year, funder, pa-
tient population, health care provider information, intervention(s) 
assessed, and the reported difference in SIV rates between patients 
in health care provider intervention and control groups or between 
patients before and after application of a health care provider inter-
vention. The associated 95% confidence interval (CI) of the reported 
differences was also extracted. In addition, we extracted details 
relevant to risk of bias or study quality assessment. If a study also 
administered patient-focussed interventions, it was only included if 
patients in both the health care provider intervention and control 
groups (or patients before and during the health care provider inter-
vention) received the same exact patient intervention(s). We did not 
include studies in which patients in just one of the compared groups 
(or intervention periods) received patient-focussed intervention(s).

Data synthesis and analysis
We summarized study characteristics and pooled reported differ-
ences in SIV rates between intervention and no intervention groups, 
and associated 95% CIs using an inverse variance, random-effects 
model implemented in STATA (version 13; StataCorp LP, College 
Station, TX). Educational interventions were categorized as either 
one-off provision of guidelines/information or team-based training/

Key messages
• We reviewed 39 studies [7 RCTs and 32 non-randomized intervention studies (NRS)].
• Physicians/nurses’ education/reminders increased vaccination among patients.
• Combinations of education and reminders increased vaccination among patients.
• Education and reminders were both effective among adult and paediatric patients.
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education sessions. If a study reported differences in SIV rates by 
population subgroups, we first pooled the differences before pooling 
the pooled estimate with appropriate differences in SIV rates from 
other studies. Statistical heterogeneity between pooled differences in 
SIV rates was assessed and quantified using the I-squared statistic 
(I2) (17). Where appropriate, publication bias was assessed visually 
using funnel plots, and statistically using Egger’s regression test (18). 
We conducted subgroup analyses by study type, intervention, health 
care provider and patient population (adults versus paediatrics).

Risk of bias and study quality assessments
One reviewer assessed risk of bias using the Cochrane risk of bias 
assessment tool for randomized controlled trials (RCTs) (we also 
used the tool for a few non-/quasi-RCTs by adding a confounder 
adjustment domain) (19). The reviewer also assessed study quality 
of ‘before-and-after intervention studies’ (where outcome assessment 
is made before and after the introduction of an intervention) using 
the National Institutes of Health (NIH) quality assessment tool for 
this study type (20). Another reviewer independently checked the 
assessments for errors. Disagreements were resolved by discussion 
between the two reviewers, and a third reviewer adjudicated when 
necessary.

The Cochrane risk of bias assessment tool considers 6 main do-
mains of potential biases, while the NIH quality assessment tool 
considers 12 domains of study quality assessment. If there was a 
high risk of bias in randomization (sequence generation domain as-
sessment), a study was automatically judged to be at a high risk of 
bias. A study was also judged to be at a high risk of bias if any one of 
the other domains were judged to be of high risk, and an additional 
domain judged as having an unclear or high risk of bias. A study was 
judged as having a low risk of bias if all six domains were judged 
to be of low risk of bias, or if just one domain (not sequence gen-
eration) was judged as having an unclear risk of bias. A study was 
judged to be of good quality if all 12 domains were judged not to be 
lacking, or if just one domain (not pre-specified and uniformly meas-
ured outcome domain) was judged to be lacking. A moderate quality 
was assigned if two to four domains were judged to be lacking, while 
a low quality rating was given if five or more domains were judged 
to be lacking.

Results

Thirty-nine studies met our eligibility criteria, from a total of 8370 
identified unique citations (Fig.  1) (21–59). Most of the studies 
(n = 28) were conducted in the USA (Table 1). The rest were con-
ducted mostly in developed countries: two studies each for the 
UK and Australia, and one study each for UK/Australia, Canada, 
Denmark, Netherlands, Switzerland, India and Turkey. There were 7 
RCTs (3 parallel and 4 cluster randomized) (22,28,47,49,52,56,59) 
and 32 non-randomized intervention studies (NRS) (2 non-RCTs 
(33,39), 1 quasi-RCT (54) and 29 before-and-after intervention 
studies). A total of 20 studies were focussed on physicians, while a 
smaller number of studies examined interventions targeting nurses 
(2 studies), pharmacists (1 study), both physicians and nurses (14 
studies), both physicians and pharmacists (1 study) and both phys-
icians separately and physicians and nurses together (1 study). Eleven 
studies examined the use of team-based training/education sessions, 
and six the use of one-off provision of guidelines/information. Eleven 
studies examined the use of reminders (nine using electronic prompts, 
one using paper-based prompt and one using letters), two studies 

examined the use of incentives (pay-for-performance) whereas nine 
studies examined the use of multiple interventions. There were five 
studies each on children/adolescents, pregnant women, adults and 
older adults, irrespective of health status, and three studies each spe-
cifically on chronic obstructive pulmonary disease, and inflamma-
tory bowel disease patients. There were two studies each on adult 
diabetic and rheumatology patients, and one study each on preterm 
infants, paediatric asthma, respiratory tract infection, musculoskel-
etal/neurological patients, coronary heart disease, chronic kidney 
disease, Hodgkin’s lymphoma patients and patients with a risk of 
cardiovascular disease. One study was on a mixed patient popula-
tion. The health care provider sample size among the studies that 
clearly reported this parameter ranged from 4 to 136 individuals. Six 
studies were funded by industry (pharmaceutical companies), while 
non-industry funding was reported by 25 studies. One study was 
funded by both industry and non-industry sources, and seven studies 
did not report a funding source. Nearly all RCTs and non-/quasi-
RCTs were judged to have a high risk of bias with regard to lack 
of blinding of participants and study personnel. A majority of the 
before-and-after intervention studies were deficient with regard to 
study participants being a good representation of the studied popu-
lation, having sufficiently large sample size, and blinding of outcome 
assessors. Overall, the included RCTs and non-/quasi-RCTs were 
judged to be at a moderate to high risk of bias (Supplementary Table 
2), and the before-and-after intervention studies were judged to be of 
moderate to low quality (Supplementary Table 3).

Pooled difference in SIV rates for education 
compared with no intervention
Two RCTs (56,59) and 15 NRS (23,25,30,32,33,38,39,41,43,45,4
6,50,54,57,58) contributed to the pooled estimates. Evidence from 
RCTs showed that team-based training/education of physicians 
significantly increased SIV rates in adult patients: 20.1% (95% 
CI 7.5–32.7%; I2 = 0%; two studies) (Fig. 2). Evidence from NRS 
also showed that team-based training/education of physicians sig-
nificantly increased SIV rates in adult patients: 21.6% (3.4–39.9%; 
I2 = 97.5%; three studies) and paediatric patients: 7% (0.1–14%; 
I2 = 0%; two studies) (Supplementary Fig. 1). The high heterogeneity 
observed in adult patients was due to higher estimates from Turkey, 
a country with a dissimilar health system from the other countries 
(Switzerland and USA). Exclusion of the result from Turkey signifi-
cantly reduced the high heterogeneity observed in the pooled es-
timates (13.4%, 8.6–18.1; I2 = 0%). The evidence from NRS also 
showed that education of physicians and nurses marginally (though 
significantly) increased SIV rates in adult patients: 0.9% (0.2–
1.5%; I2 = 30.6%; four studies) (Supplementary Fig. 1). Similarly, 
evidence from NRS showed that one-off provision of guidelines/
information to physicians, and to both physicians and nurses, sig-
nificantly increased SIV rates in adult patients: 23.8% (15.7–31.8%; 
I2 = 45.8%; three studies) and paediatric patients: 24% (8.1–39.9%; 
I2 = 0%; two studies), respectively (Supplementary Fig. 2). One study 
focussed on nurses and adult patients, and the study reported no 
significant benefit.

Pooled difference in SIV rates for reminders 
compared with no intervention
Three RCTs (22,47,49) and seven out of eight NRS 
(21,29,34,36,42,48,53) contributed to the pooled estimates. One 
NRS was excluded from the meta-analysis because the authors re-
ported that there was vaccine shortage in the study year compared 
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with the preceding year (the comparator), and as a result, many 
patients who requested vaccination could not be vaccinated (31). 
Result from this study differed significantly from the rest. Evidence 
from RCTs showed that use of reminders (prompts) by physicians 
and nurses significantly increased SIV rates in paediatrics patients 
by 2.3% (0.5–4.2%; I2 = 0%; two studies) (Fig. 3). There was one 
study on the use of letter reminders among physicians in adult pa-
tients, and the study reported no significant benefit. Evidence from 
NRS showed that physicians and both physicians’ and nurses’ use 
of reminders (prompts) significantly increased SIV rates in adult pa-
tients: 15.3% (7.4–23.2%; I2  =  98.1%; three studies) and 18.5% 
(14.8–22.1%; I2  =  0%; two studies), respectively (Supplementary 
Fig. 3). There were no major differences between the studies among 
physicians that could explain the high heterogeneity in the pooled 
estimates. However, all pooled results were in favour of the interven-
tion. There was one study each among nurses alone and physicians 
and nurses together in paediatric patients and both were in favour 
of the intervention.

Pooled difference in SIV rates for incentives 
compared with no intervention
One NRS each examined the impact of physicians’ pay-for-
performance (27), and physicians’ practices performance bonus 

(37) on SIV rates in adult patients, and found significantly increased 
SIV rate for pay-for-performance: 28.1% (1.3% to 54.9%), and 
no difference for performance bonus: −0.1% (−42.1% to 42%), 
respectively.

Pooled difference in SIV rates for combined 
interventions compared with no intervention
Two RCTs (28,52) and two out of five NRS (40,44) contributed to 
the pooled estimates. Evidence from RCTs showed that team-based 
training/education of physicians and nurses, together with use of re-
minders, significantly increased SIV rates in adult patients: 10.8% 
(3.3–18.2%; I2  =  0%; two studies) (Fig.  4). Evidence from NRS 
showed that one-off provision of guidelines/information to phys-
icians together with and use of reminders significantly increased SIV 
rates in adult patients: 19.5% (14.9–24.1%; I2 = 0%; two studies) 
(Supplementary Fig. 4). One study among physicians and nurses in 
adult patients was also in favour of the interventions combination 
(Supplementary Fig. 4) (35). One study each reported on team-based 
training/education of physicians and of pharmacists together with 
the use of reminders in adult patients and both studies reported no 
difference: 10.9% (−3.2% to 26.5%) and 24% (−0.0% to 48%), 
respectively. One study each also reported on physician pay-for-
performance together with reminders (26), and team-based training/

Figure 1. Summary of literature search and screening process (modified PRISMA flow chart).
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education together with fee-for-service for physicians and for phar-
macists and physicians (51), all in adult patients. All three were in 
favour of the intervention combinations: 15.9% (7.9–23.8%), 15% 
(5.6–24%) and 3.7% (2.2–5.2%), respectively.

Discussion

This review indicates that team-based training/education and one-off 
provision of guidelines/information to physicians and nurses may 

Figure 2. Forest plot of team-based training/education of physicians compared with no intervention, in adult patients (RCTs).

Figure 4. Forest plot of combined team-based training/education of physicians and nurses, and reminders (prompts) compared with no intervention, in adult 
patients (RCTs).

Figure 3. Forest plot of reminders (prompts) compared with no intervention (RCTs).
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be effective in increasing SIV rates in adult and paediatric patient 
populations. The review also indicates that use of reminder prompts 
by physicians and nurses may be effective in increasing SIV rates 
in adult and patient populations, and that various combinations 
of educational and reminder interventions may also be effective in 
increasing SIV rates. The evidence supporting these findings are, 
however, limited and are of moderate to low quality.

While patient population types varied considerably across the 
included studies, almost all belonged to the high-risk groups for 
whom SIV is highly recommended. Physician specialty also varied 
slightly across studies. All but one study were conducted in devel-
oped countries with similar health system characteristics, although 
there would have been potentially differing public health practices 
across the countries with respect to influenza vaccination programs. 
There were substantial variabilities in the number of studied health 
care providers and patients, and the forms, methods of delivery and 
durations of an intervention. Furthermore, a majority of the studies 
were conducted in the USA; thus, our findings may not be generaliz-
able and may be more applicable to the USA. That said, our findings 
are substantial contributions to the evidence base and will help in the 
development and evaluation of health care provider-focussed inter-
ventions to increase seasonal influenza vaccine uptake and, poten-
tially, uptake of other vaccines across important patient populations.

SIV is proven to be a safe, effective and cost-effective pre-
ventive measure against influenza, but annual rates remain sub-
optimal in many countries even among the most at-risk populations. 
Vaccination behaviour is influenced by so many factors including 
perceptions of vaccines and vaccination, and intrinsic factors such as 
an individual’s knowledge, perceptions and attitudes which are often 
shaped by many external factors. Despite immense influence and im-
portance of the media, health care professionals have been identified 
as the most important advocates and the main source of vaccination 
information for the public (7). The summit of independent European 
vaccination experts in 2007 concluded that it is of utmost import-
ance that health care providers are offered adequate education on 
vaccinology and an unhindered access to up-to-date information on 
vaccines (7). The experts also concluded that it is important that 
vaccine information systems are set up for health care providers, to 
facilitate promotion of vaccination.

Education can play an important role in prompting positive 
change in behaviour (60,61). Increases in knowledge and awareness 
have been found to lead to changes in attitudes (62). Education of 
health care providers on specific health issues is therefore expected 
to help increase their knowledge and awareness and, ultimately, pro-
mote a positive change in behaviours. This may explain our finding 
that one-off provision of guidelines/information or team-based 
training/education of physicians and physicians together with nurses 
are effective in increasing SIV rates in both adult and paediatric 
patient populations. Contrary to our findings, a Cochrane review 
(Thomas and Lorenzetti) found that physician education was inef-
fective (10). The review included only RCTs focussing on SIV among 
community-based patients (≥60 years) in high-income countries, un-
like our review which considered all available evidence irrespective of 
provider type, patient population and country of study. In addition, 
Thomas and Lorenzetti considered all educational interventions the 
same, whereas we appropriately categorized the interventions, con-
sidering that types and methods of education differ. An older system-
atic review (Lau) also found physician education to be ineffective 
(11). This review also focussed on community-based adults and, al-
though the review considered both RCTs and non-RCTs, educational 

interventions were examined as one group without categorization. It 
was also not clear which studies contributed to the pooled analysis.

Reminder systems serve as alerting tools. In clinical settings, 
they alert a health care provider to the key procedures and neces-
sary preventive care that a patient may need; thus, informing of the 
importance of a needed care (63). The Centers for Disease Control 
and Prevention (CDC) stress that a reminder system helps to reduce 
missed opportunities for recommending and providing influenza 
vaccine to eligible patients when vaccine is available (63). Therefore, 
implementing a SIV reminder system for health care providers is ex-
pected to increase the vaccine recommendation and, consequently, 
vaccination rates as our review suggests. Implementing a reminder 
system for both physicians and nurses provides more than one level 
of quality assurance check, and decreases the risk of failing to pro-
vide an important recommendation to an eligible patient. This has 
been demonstrated by studies which have found that a reminder 
system for both physicians and nurses leads to increased vaccination 
uptake (64,65). Our findings are in line with those of some clinical 
studies that have shown that computerized reminders increase the 
use of preventive care in outpatient settings (66,67). However, some 
studies in inpatient settings using standard orders and computerized 
reminders failed to demonstrate the effectiveness of this intervention 
(67,68), probably due to a focus on treatment of the cause of hospi-
talization rather than the provision of preventive care. That said, as 
a study suggested, it is worth noting that reminder systems for phys-
icians are effective only when applied to all eligible patients (69,70).

Our decision to include only English publications may have 
limited the number of potentially relevant studies for inclusion. 
Limiting to studies since 2000 may have also limited the inclusion of 
studies, but this allowed us to focus on studies conducted during the 
period in which SIV became publicly funded in many jurisdictions. 
We were unable to determine if SIV was offered free-of-charge to 
patients or whether some of the patients had to pay for the vac-
cine out-of-pocket. As such, we could not examine the impact of 
free vaccination on the efficacy/effectiveness of the assessed inter-
ventions. Furthermore, nearly all reported SIV rates from the NRS 
were crude rates. For the before-and-after intervention studies, the 
populations at baseline were not always exactly the same as those 
post-intervention.

Nevertheless, this review has many merits, including full com-
pliance with the Cochrane Handbook for Systematic Reviews of 
Interventions guidelines, utilization of the expertise of knowledge 
synthesis librarians in developing and peer reviewing a compre-
hensive search strategy, and searching of appropriate bibliographic 
databases for literature. Where necessary, we requested additional 
data from corresponding authors of the included studies, to ensure 
completeness of the analysed data. We conducted the review to the 
expected standards and reported in accordance with the PRISMA 
guidelines.

Conclusions

Limited low- to moderate-quality evidence suggests that various 
forms of education for physicians and nurses, and use of reminder 
prompts by physicians and nurses, may be effective for increasing 
SIV rates in both adult and paediatric patient populations. High-
quality studies are needed for a stronger evidence base to better 
inform and understand the efficacy/effectiveness of various interven-
tions focussed on health care providers to increase SIV.
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