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Abstract

Introduction: The World Health Organization’s Global Strategy on Human Resources for 
Health: Workforce 2030 sets policy recommendations and targets for in-service and pre-service 

training programs to improve workforce competency. To date, comprehensive reviews on 

immunization training have mainly focused on in-service trainings. This systematic review 

aimed to synthesize current literature on pre-service immunization training, including primary 

immunization competencies covered, methods used, outcomes on improving competencies and 

behavior change for immunization service delivery, and student readiness for immunization 

practice, in both low-resource and high-income settings.

Methods: A systematic search of seven scholarly databases identified published literature on 

pre-service training on immunization published between January 2001 and November 2021. 

It included all geographic regions and languages, study designs, and individuals preparing to 

enter the immunization workforce. Additional search methods included reviewing references of 

retrieved articles, scanning journals, and engaging pre-service training experts for unpublished 

reports.

Results: Search results yielded 5,611 articles; 39 articles met the inclusion criteria. Five articles 

were identified through other search methods. Studies took place mostly in high-income countries 

(35/44), targeted professional (medical, nursing, and pharmacy) students and tutors at health 

training institutions. Eight of the ten recommended immunization competencies were included in 

the curricula and methods used to deliver pre-service training varied. Teaching techniques and 

applied learning strategies using realistic situations increased students’ knowledge, attitudes, and 

awareness of vaccine benefits; built confidence to administer vaccines and communicate with 

hesitant patients; and increased the likelihood of recommending vaccines.
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Conclusion: This review was the first step to understanding pre-service training on 

immunization. Further research is needed to inform pre-service training programs in low- 

and middle-income countries, particularly for nurses, vaccinators with low-level educational 

backgrounds, and other healthcare professional students. Prioritizing essential audiences, 

designing and delivering practical training, and evaluating results will help prepare students for the 

immunization challenges of tomorrow.
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1. Introduction

The World Health Organization (WHO) describes the health workforce as one of the six 

building blocks for health systems strengthening [1]. Workforce retention and development 

are also included as an indicator (3c) of the United Nations’ Sustainable Development 

Goals: to increase “recruitment, development, training, and retention of the health 

workforce” [2]. The World Health Organization’s Global Strategy on Human Resources 
for Health: Workforce 2030 sets specific policy recommendations and targets to improve 

workforce competency for in-service and pre-service training/education programs, including 

accreditation and student graduation rates [3]. Moreover, the Immunization Agenda 2030 

(IA 2030) strategic priority 2 recommends immunization topics in educational curricula 

for the health workforce [4]. Expanded Programme on Immunization Prototype Curriculum 
for nursing/midwifery schools in the WHO African Region sets standard competencies for 

nursing and midwife graduates and included objectives and priority topics that nursing and 

midwifery schools in the Africa region should cover, as well as suggested time allocation for 

each topic and teaching delivery format (e.g., classroom sessions, practical sessions, and/or 

during field placement) [5]. Having a competent workforce for immunization services is a 

critical determinant of vaccine acceptance, vaccine uptake, and completion of recommended 

vaccinations across the life course [6].

The Standard Competencies Framework for Immunization Workforce outlines 10 

competency domains (2 foundational and 8 technical) that workers should acquire at 

each level of the health system (national, provincial, district/sub-district, community) to 

efficiently operate an immunization program [6]. The two foundational domains are 1) 

leadership and management (i.e., provide vision and direct resources for program support 

and implementation) and 2) vaccine preventable diseases and program. The technical 

domains include 1) advocacy and communications; 2) disease surveillance, investigation, 

and response; 3) human resources and performance management; 4) safety of vaccines and 

immunization; 5) monitoring, evaluation, and data use; 6) policy, planning, and finance; 7) 

vaccines, supplies, and logistics, and 8) vaccination service delivery. In the immunization 

workforce framework, expected worker competencies for each domain are defined by the 

health system level and the work functions at that level.

We conceptualized a framework, depicted in Fig. 1, to illustrate the stages of capacity-

building interventions for immunization workforce development and the factors that 
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enable the achievement of desired outcomes during each stage. This framework is based 

on collective knowledge and expertise of the authors on learning and performance 

improvement, levels of workforce development described by Roche [7] and the employee 

lifecycle described by Cattermole [8].

As shown in Fig. 1, pre-service training is the first stage to build a qualified immunization 

workforce through a comprehensive curriculum on recommended immunization 

competencies, delivered by skilled teachers, and reinforced by field practice opportunities. 

After recruitment and during onboarding, new hire orientation (stage two) is critical to 

provide on-the-job support for the new hires and orient them to immunization delivery 

and local practices. The third stage of capacity-building continues throughout a worker’s 

career when performance is supported through clear job descriptions for healthcare workers, 

continuing education or timely refresher training, and adequate resources, including 

guidelines and tools to enable workers to perform their job requirements. These three 

capacity-building stages, coupled with mentorship and leadership development across the 

lifecycle of the workforce, are important influencers of worker performance [9].

The primary outcomes of these stages of capacity-building interventions for immunization 

workforce development are qualified pools of applicants, positive changes in the knowledge, 

attitudes, and skills of current and prospective immunization health workers, increased 

confidence in recommending and administering vaccinations, and improved appreciation 

of the importance of vaccination. A qualified pool of applicants with these characteristics 

would support the targets to improve workforce competency set by The Global Strategy on 
Human Resources for Health: Workforce 2030, yet it is not clear in the literature how future 

healthcare workers are trained for their expected immunization responsibilities.

Health workers are primary influencers and sources of information on vaccination 

for parents and caregivers [10]. Inadequate or poor preparation of the workforce for 

immunization services delivery could put at risk the achievement and maintenance of 

immunization targets. However, comprehensive reviews of immunization training have 

often focused on curriculum review, implementation, and evaluation of in-service trainings 

[11,12]. The authors are not aware of any comprehensive or systematic review of pre-service 

immunization training of health workers.

Accordingly, we conducted a systematic review to synthesize the current literature on 

pre-service education and training on immunization in various geographical settings, by 

examining immunization competencies, training methods, outcomes, and reported student 

readiness, to serve as a first step to inform lessons learned and future pre-service training 

strategies on immunization. The findings of this review should help guide the academic 

institutions and ministries of health as they plan training interventions for workforce 

development, especially the global immunization community which encompasses low-, 

lower-middle, upper-middle, and high-income countries as classified by the World Bank 

[13].
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2. Methods

2.1. Operational definitions

For this review, the authors define pre-service training as health programs or interventions 
that generally award certificates or degrees that include preparing individuals to provide 
immunization services.

The authors categorized pre-service training interventions into two types: a) immunization 

curriculum and b) short supplemental training.

a. Immunization curriculum was defined as a comprehensive training program, 

often embedded in health professional training programs, covering multiple 

immunization-related competencies, and often using a mix of training methods 

throughout the program such as lectures and practical assignments.

b. Short supplemental training was defined as shortened trainings that often 

supplemented the immunization curriculum to fill gaps identified in standard 

immunization curricula and/or were innovative ways to teach parts of the 

curriculum. These supplemental trainings covered fewer competencies than the 

immunization curricula, sometimes only focusing on one or two competencies in 

total.

2.2. Inclusion criteria

Articles in any language, published from January 2001 to November 2021 in peer-review 

journals and grey literature were considered for inclusion, regardless of the study design. 

The inclusion criteria for the articles included in this review were structured based on 

a specific Population, Intervention, Comparator, and Outcome (PICO) framework to help 

define the scope of the review (Table 1) [14].

The following types of articles were excluded: opinion papers, studies that focused on 

in-service training, and interventions not focused on immunization.

2.3. Literature search strategy

A librarian with expertise in systematic literature reviews searched in seven scholarly 

databases, including Medline (Ovid), Embase (Ovid), Global Health (Ovid), PsycINFO 

(Ovid), CINAHL (Ebsco), African Wide Information, and Cochrane. The keyword search 

strategy included preservice, OR education, OR training, OR student, OR curricula/
curriculum, OR medical education, OR workforce development, OR capacity development, 
OR capacity building, OR workforce performance AND routine immunization* OR vaccine-
preventable disease* OR immunization program* OR mass vaccination* OR vaccination 
coverage * OR vaccinator. After removing duplicates and excluding articles based on title 

and abstract screening, full-text articles that met the pre-service training definition and 

inclusion criteria were reviewed independently by the first two of the authors. For any 

disagreement during the review process, the first two authors discussed until a consensus 

reached. The authors then conducted a secondary search which included the review of article 

references, journals (e. g., Human Resources for Health) for articles on this topic published 
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from 2001 to 2021, internet searches, and review of websites that publish any materials 

on pre-service education (e.g., Network for Education and Support in Immunization), 

and emailed experts with expertise in pre-service education requesting any additional 

unpublished reports.

2.4. Data extraction and analysis

The authors developed a Microsoft Excel template to extract consistent information about 

each study of the 44 articles included in the review, such as the purpose of study, population, 

study location, type of intervention(s), assessment/evaluation method, topics/competencies 

covered in the educational intervention(s), and key findings. Abstraction was done by two of 

the authors independently, and 100% inter-rater agreement was achieved after discussion and 

comparison of the information extracted and any disagreement in rating. The information 

was then synthesized by the authors’ five main outcomes of interest as outlined in PICO.

3. Results

3.1. Article search findings

Fig. 2 presents the search flow diagram. The authors identified 5,611 articles through 

the initial database search. After removing 1,143 duplicate articles, another 4,358 of the 

remaining 4,468 articles were excluded due to having no relation to the topic. Abstracts 

of the remaining 110 articles were reviewed and 50 of these were eligible for full-text 

review based on the inclusionary criteria. After a thorough full-text review of each of the 50 

remaining articles, 39 articles met the inclusion criteria. Secondary search methods yielded 

five additional articles, and a total of 44 articles were included in the systematic review. Of 

the 44 articles included, 42 were peer-reviewed articles and 2 were grey literature.

3.2. Overview of the studies reviewed – Characteristics of included studies, article type, 
and primary topics covered

3.2.1. Characteristics of included studies—Table 2 summarizes the 44 reviewed 

studies stratified by World Bank income categories. The majority (n = 35) were in 

high-income countries, with just three focused on low-income countries (Kenya, Malawi, 

and Tanzania) and five in lower-middle income countries (India, Indonesia, Nigeria, and 

Thailand). The studies, covering five continents and 21 countries, targeted the following 

populations: medical students/residents [21], nursing students [2], pharmacy students [14], 

mixed populations [3], and Expanded Programme on Immunization (EPI) tutors and health 

training institutions [4]. Search results did not identify any studies or interventions related to 

pre-service training for non-professional students (e.g., vaccinators, logisticians).

Our findings outlined below were analyzed based on three areas of interest from each 

reviewed article: the target population, competencies taught, and training methods used.

3.2.2. Immunization competencies identified in the literature on pre-service 
training—Thirty of the 44 reviewed studies reported on the competencies covered 

during pre-service training. Among those 30 studies, the two most commonly covered 

competencies were training on counseling and communication on immunization (67%) 
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and knowledge of immunization (60%). Of the 30 studies that reported on immunization 

competencies covered, 15 were focused on pre-service training for medical students, 2 for 

nursing students, and 13 for pharmacy students. When reviewing the competencies covered 

disaggregated by student type, there was some variation in the frequency of competencies 

reported, with vaccine administration having a notable difference across student groups. 

Vaccine administration was covered in pharmacy education in 12 of the 13 studies (92%), 

while it was only reported in 3 of the 15 (20%) studies for medical student training and 

none for nursing students. Communication and counseling, managing adverse reactions, 

knowledge of VPDs and immunization were the focus for nursing students training. 

Comparing reported pre-service training competencies to the recommended standard 

immunization competencies at the community level for the immunization workforce [6], 8 

of the 10 competency domains (Management and leadership; Policy, planning, and finance; 

Vaccine service delivery; Vaccines, supplies, and logistics; Monitoring, evaluation, and 

data use; Safety of vaccines and immunization; Vaccine-preventable diseases (VPD) and 

program; Advocacy and communications) were included to some degree in the curricula 

as outlined in Table 3. Two technical competencies domains—Human resources and 

performance management; and disease surveillance, investigation, and response—were not 

reported. Fig. 3 presents the results of the immunization competencies reported in medical, 

nursing, and pharmacy pre-service training.

3.3. Reported training methods used for pre-service training interventions on 
immunization and their reported outcomes on immunization competencies and behavior 
change

Table 4 presents a summary of the training type (i.e., short training vs immunization 

curriculum), training methods, and reported outcomes in the 44 reviewed articles. Table 

5 provides details on the characteristics of short, targeted training methods described in 

23 of the 44 studies reviewed in terms of the population included and assessed, study 

settings, competencies measured, assessment method, and main findings related to an 

increase in measured competencies and self-rated competencies. Table 6 covers 21 of the 

44 studies reviewed that described immunization curricula, highlights the measured and 

self-reported changes in students’ competencies and behavior regarding immunization after 

the completion of their institution’s immunization curriculum, as well as their perception of 

readiness or feeling prepared to enter the immunization workforce.

3.4. Immunization curriculum versus short supplemental training

3.4.1. Immunization curriculum—Twenty-one articles (i.e., 3 of 3 low-income, 1 of 

5 lower middle-income, and 17 of 35 high-income country articles) reported on various 

curricula. In the reviewed papers, pharmacy curricula included the American Pharmacists 

Association’s (APhA) Pharmacy-Based Immunization Certificate Program (15–19), a 

comprehensive immunization course with in-person lecture and skills laboratory option 

[20–23], and online instruction and skills laboratory [24,25]. For medical student curricula, 

studies reviewed included the United States Medical School Education and Residency 

training program with a component on immunization for medical students and residents 

[21,26–30] and the European version of their training program [31,32]. All four articles from 

low-income and lower-middle-income countries targeted EPI pre-service training institutions 
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and EPI tutors [33–36], and two of them used the WHO EPI Prototype Curriculum for 

Medical Schools and Nursing/Midwifery Schools in the WHO African Region [33,35].

Survey questionnaires were used to measure self-reported changes in competencies and 

behaviors. Evaluation of the outcomes of the American Pharmacists Association’s (APhA) 

Pharmacy-Based Immunization Certificate Program revealed that pharmacy students thought 

they were well trained in immunization, vaccine administration, and response to adverse 

events following immunization (AEFI) [15–19]. Evaluation or assessment of other curricula 

post-training tended to focus on students’ perception of adequate training received and time 

allocation for teaching vaccines, VPDs, and immunization service delivery. Results varied 

across schools and programs and were reflected among the reviewed articles: students in 

6 [29] of the 21 studies reported feeling prepared and that their training was adequate 

[15,17,19,20,22]; students in 7 (33%) of the 21 articles reported a positive impact from the 

training but highlighted the need for additional training or improvements to the curriculum 

[16,18,24,26,28,33,34]; students in 7 (33%) of the 21 articles felt they had not received 

adequate teaching on vaccines; [21,23,27,29,30,32,36] and 1 (5%) article described a 

comparison of training methods only and did not share results of student preparedness [25].

3.4.2. Short supplemental training—Short supplemental training methods outlined 

in the reviewed studies were often used to teach an immunization competency using an 

innovative approach, and/or as a supplemental training method to fill gaps in knowledge 

and skills following a comprehensive immunization curriculum. Lower-middle-income 

(4 of 5 articles) and high-income (18 of 35 articles) countries reported using short 

supplemental training in a variety of ways. The three low-income countries did not 

report short supplemental training. Methods such as role plays, observing providers’ 

communication with patients, and short, targeted trainings increased nursing, pharmacy, and 

medical students’ knowledge, attitudes, comfort level, and confidence to provide effective 

counseling and discuss vaccines with hesitant patients. These approaches also increased 

awareness of vaccine benefits, and the likelihood of recommending vaccines [31,37–49]. 

Active learning using simulated patients or practical sessions at a training laboratory or 

clinic improved nursing students’ confidence in how to handle adverse reactions during 

infant vaccination [50]; medical students’ performance in vaccine administration [51,52]; 

and pharmacy students’ ability and confidence in determining patient eligibility through 

screening of vaccination records [19,45,49], vaccine administration [53,54], communicating 

and counseling patients [16–19,45,49,53,54], addressing vaccine hesitancy [49], and 

documenting vaccines administered [19,45,49]. Some articles described particular content 

[e.g., Continuous quality improvement [55], Preferred Cognitive Styles and Decision 

Making Model [41]] or particular delivery methods [e.g., Virtual Reality [46,56] and Just 

in Time Training [47]]. Of the articles describing short supplemental training methods, 

19 of 22 reported measurable improvement. Short lectures [57], seminars [58] or posting 

educational fliers and reviewing patient coverage [59] were the short supplemental methods 

that did not show measurable improvement in three studies.

3.4.3. Both strategies – Short targeted training and immunization curriculum
—One article from higher income/upper-middle-income countries used both short, targeted 
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training and immunization curriculum [48]. The article described the development and 

implementation of a summer school on vaccinology for medical and nursing students in 19 

European countries with a recently developed curriculum on immunization in response to 

the findings of a gap analysis of the target audience post-immunization curriculum training. 

Participants reported that they learned a lot from this program, especially from the sessions 

on communication and practical skills, and they responded positively to the interactive 

teaching methods/techniques used for delivery.

4. Discussion

The purpose of this systematic review was to synthesize the current literature on 

immunization pre-service training, including the identification of primary immunization 

competencies covered, the training methods used, reported outcomes on competencies and 

behavior change for immunization service delivery, and readiness for immunization practice 

in both low resource settings and high-income countries. This review highlights regional 

disparities among published studies (peer-reviewed or grey) that describe immunization pre-

service training. Most studies found were conducted in high-income countries [35], with 27 

from the United States. Only eight studies came from low- [3] and lower-middle- [5] income 

countries. Moreover, the reviewed studies targeted only students in academic or health 

training institutions. There were no studies reporting pre-service training for vaccinators or 

the immunization workforce from non-academic settings.

Pharmacy, medical/residency, EPI training, and nursing students were the main audiences 

targeted in the published studies regardless of settings (low-income countries or upper-

income countries), with the curricula for pharmacy and medical students being far more 

represented than that for nursing students. The two studies that targeted nursing students 

came from high-income countries. Nurses often play various roles (e.g., supervisor, 

primary vaccinator, or immunization service provider) in most clinic settings, especially 

in developing countries [60]. Nurses also substitute for doctors in certain urban and rural 

areas, where they deliver healthcare services with a higher degree of patient satisfaction than 

doctors [61]. Given the crucial role that nurses play in vaccine service delivery, publishing 

best practices for pre-service instruction for this group, particularly in low-resource settings, 

would be a valuable contribution to the literature.

4.1. Immunization competencies in the pre-service curriculum

Results of this review also found that eight of the ten competency domains outlined in the 

standard immunization framework for the immunization workforce are reported to some 

degree among the reviewed studies. Using the model suggested in Fig. 1, the standard 

immunization competencies can be used as a guideline to determine what content is 

appropriate for pre-service training. Keeping in mind that workers will obtain training 

when hired, as well as throughout their careers, academic institutions should work with the 

ministries of health to identify the reasonable proficiency level of specific competencies 

when a graduate is recruited for employment.
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4.2. Training delivery methods

The studies reviewed revealed various training methods and delivery strategies to educate 

students in health training institutions on immunization and vaccination topics. A blend of 

delivery methods, including e-learning, traditional classroom, and field-based practice with 

mentoring could optimize resources and help adequately prepare students for their future 

responsibilities [62]. The best practices of learning science should be considered when 

designing a curriculum.

4.3. Measuring and designing for behavior change

Of the 44 reviewed studies, the majority (77%) highlighted methods that were effective 

in improving knowledge proficiency on immunization topics and other competencies 

(e.g., addressing patients’ concerns, administering vaccines, and responding to AEFI). 

Improvement in these competencies might be due to teaching techniques and applied 

learning strategies that used realistic situations (e.g., simulation, role-play, practical labs 

for vaccine administration/injection skills, etc.). According to the literature on human 

performance, a learner can better retrieve and apply information and skills on the job if they 

practice similar situations during training [63]. Hence, it is important to design realistic and 

active learning strategies to prepare healthcare students for immunization responsibilities in 

the workplace [63].

4.4. Limitations observed among the studies reviewed

One of the main observations among these studies was the varying quality of evaluation 

methods used: some studies reported evaluation of short-term trainings on immunization 

topics and knowledge assessment using short quizzes or the pre-and post-tests. Although this 

might be an appropriate measurement in academic settings, it is unclear if these methods 

accurately capture students’ practical competency level (i.e., ability to competently apply 

what they learned in a job). Moreover, 15 studies reported only post-training evaluation 

results, making it difficult to determine change in the knowledge and skills. Rigorous 

study design and methods are needed to properly measure short- and long-term impact 

of pre-service trainings. An additional limitation is the target population under review: 

as mentioned earlier, studies were mostly done in high-income countries targeting health 

professional students, with limited focus on nursing students and no focus on vaccinators at 

lower educational levels.

4.5. Strengths and limitations of this review

This is the first review that comprehensively examined pre-service training interventions 

for the immunization workforce, including training content, methods, and outcomes. 

All types of studies related to this topic, regardless of study location and language, 

were reviewed. This review only focuses on the documentation of pre-service training 

interventions and outcomes reported. Most of the studies reviewed did not test a hypothesis 

or provide adequate information about their study methods. The authors could not draw 

any conclusions on the extent that these topics, methods, and outcomes were covered 

during pre-service training, including actual learning hours. The authors did not include 

published conference abstracts with no full report due to difficulty of assessing full scope 
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of interventions and results. The authors also did not interview principals, faculty members, 

or students, or perform a desk review of the immunization curriculum from health training 

institutions. More studies are needed to help understand the current practices, facilitators, 

and barriers to good pre-service training in resource-limited settings to guide health system 

strengthening efforts.

Our search strategy was rigorous, yet specific to immunization. Possibly, some articles 

might have been missed during the database search. To avoid publication bias, we sought 

grey literature, reached out to experts or institutions for potential reports or articles on pre-

service training on immunization, and searched references of retrieved articles and relevant 

journals for additional articles. To minimize any additional random error or bias, two authors 

independently reviewed the search results and the articles that met inclusionary criteria, then 

discussed the selected list of articles and any concerns.

5. Conclusions

Because vaccine-preventable diseases are a key part of the Sustainable Development Goals 

and a global priority, it is imperative to adequately prepare the immunization workforce of 

tomorrow, especially with emerging diseases such as COVID-19. This review highlights the 

following key points:1) documentation of pre-service training on immunization is mostly 

based in high-income countries and appears to be non-existent for non-professional students 

or in non-academic settings; 2) professional healthcare students (e.g., medical, pharmacy, 

and nursing students) did not always have the expected knowledge on immunization for their 

level of training, and students did not always feel that they had received adequate teaching 

on immunization; 3) training methods (e.g., active learning strategies or simulations) that 

increased student knowledge, skills, and confidence mirror best practices that are found in 

the literature for adult learning; 4) assessments that measure knowledge, skill, or attitude in 

realistic settings could help determine students’ immunization readiness; 5) eight of the ten 

recommended immunization competencies were included in the reported curricula to at least 

some degree. Prioritizing essential target audiences, selecting appropriate content, designing 

practical training, delivering it via effective training strategies, and evaluating results will 

help prepare students for the immunization challenges of tomorrow. To meet the Sustainable 

Development Goals, governments, donors, and partners should commit to quality pre-service 

immunization training [2]. Achieving the Immunization Agenda 2030 targets and keeping 

people safe from VPDs depends on a trained, competent, and confident workforce[4].

Acknowledgments

Special thanks to Joanna M. Taliano who assisted with databases search on numerous occasions. We also thank 
the Workforce Development Team within the Global Immunization Division, Centers for Disease Control and 
Prevention for their support on this project. We appreciate Drs. Robert Linkins and Kathy Banke for editing and 
technical advice in the development of this paper.

Funding.

This research did not receive any specific grant from funding agencies in the public, commercial, or not-for-profit 
sectors.

Tchoualeu et al. Page 10

Vaccine. Author manuscript; available in PMC 2024 May 11.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Data availability

No data was used for the research described in the article.

References

[1]. World Health Organization. Everybody’s business - strengthening health 
systems to improve health outcomes: WHO’s framework for action. 2007; 
Available from: https://www.who.int/publications/i/item/everybody-s-business--strengthening-
health-systems-to-improve-health-outcomes.

[2]. Nations United. The Sustainable Development Goals Report. 2017 [updated 2017; cited 2022 
February]; Available from: https://unstats.un.org/sdgs/report/2017/.

[3]. World Health Organization. Global Strategy on Human Resources for Health: Workforce 
2030. 2016 [cited 2020 July 28]; Available from: http://apps.who.int/iris/bitstream/handle/
10665/250368/9789241511131-eng.pdf.

[4]. Immunization Agenda 2030: A global strategy to leave no one behind. 2021; Available from: 
http://www.immunizationagenda2030.org/.

[5]. World Health Organization. Regional Office for Africa. Expanded programme on 
immunization prototype curriculum for nursing/midwifery schools in the WHO African 
Region: Update December 201Available from: https://www.afro.who.int/publications/expanded-
programme-immunization-prototype-curriculum-nursing-midwifery-schools-who.

[6]. Traicoff D, Pope A, Bloland P, Lal D, Bahl J, Stewart S, et al. Developing standardized 
competencies to strengthen immunization systems and workforce. Vaccine 2019;37(11):1428–35. 
10.1016/j.vaccine.2019.01.047. [PubMed: 30765172] 

[7]. Roche A What is this thing called workforce development? 2001 [updated 01/01]; Available from: 
https://nceta.flinders.edu.au/application/files/5516/0156/0129/EN91.pdf.

[8]. Cattermole G Developing the employee lifecycle to keep top talent. Strategic HR Review. 
2019;ahead-of-print. doi: 10.1108/SHR-05-2019-0042.

[9]. Gilbert TF. Human competence—engineering worthy performance. Nonprofit Manag Leadersh 
1978;17(9):19–27. 10.1002/pfi.4180170915.

[10]. Leask J, Kinnersley P, Jackson C, Cheater F, Bedford H, Rowles G. Communicating with 
parents about vaccination: a framework for health professionals. BMC Pediatr 2012;12:154. 
10.1186/1471-2431-12-154. [PubMed: 22998654] 

[11]. Nicol E, Turawa E, Bonsu G. Pre- and in-service training of health care workers on immunization 
data management in LMICs: a scoping review. Hum Resour Health 2019;17(1):92. 10.1186/
s12960-019-0437-6. [PubMed: 31791352] 

[12]. Lehmann U Mid-level health workers. The state of the evidence on programmes, activities, costs 
and impact on health outcomes. A literature review. World Health Organization; 2008; Available 
from: https://www.who.int/hrh/MLHW_review_2008.pdf.

[13]. World Bank Country Data. 2022 [cited 2022 February]; Available from: https://
data.worldbank.org/country.

[14]. McKenzie JE, Brennan SE, Ryan RE, Thomson HJ, Johnston RV, Thomas J. Chapter 3: Defining 
the criteria for including studies and how they will be grouped for the synthesis. . 2021; Available 
from: www.training.cochrane.org/handbook.

[15]. Bradley CL, Vance E. Comparison of a single day versus a multi-day immunization certificate 
scheduling for student pharmacists. Curr Pharm Teach Learn 2021. 10.1016/j.cptl.2021.03.016.

[16]. Feret B, Orr K, Bratberg J, MacDonnell C. Evaluation of immunization training in the curriculum 
of first- and third-year pharmacy students. Curr Pharm Teach Learn 2015;7(4):541–5. 10.1016/
j.cptl.2015.04.013.

[17]. Marcum ZA, Maffeo CM, Kalsekar I. The impact of an immunization training certificate program 
on the perceived knowledge, skills and attitudes of pharmacy students toward pharmacy-based 
immunizations. Pharm Pract (Granada) 2010;8(2):103–8. 10.4321/s1886-36552010000200004. 
[PubMed: 25132877] 

Tchoualeu et al. Page 11

Vaccine. Author manuscript; available in PMC 2024 May 11.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.who.int/publications/i/item/everybody-s-business--strengthening-health-systems-to-improve-health-outcomes
https://www.who.int/publications/i/item/everybody-s-business--strengthening-health-systems-to-improve-health-outcomes
https://unstats.un.org/sdgs/report/2017/
http://apps.who.int/iris/bitstream/handle/10665/250368/9789241511131-eng.pdf
http://apps.who.int/iris/bitstream/handle/10665/250368/9789241511131-eng.pdf
http://www.immunizationagenda2030.org/
https://www.afro.who.int/publications/expanded-programme-immunization-prototype-curriculum-nursing-midwifery-schools-who
https://www.afro.who.int/publications/expanded-programme-immunization-prototype-curriculum-nursing-midwifery-schools-who
https://nceta.flinders.edu.au/application/files/5516/0156/0129/EN91.pdf
https://www.who.int/hrh/MLHW_review_2008.pdf
https://data.worldbank.org/country
https://data.worldbank.org/country
http://www.training.cochrane.org/handbook


[18]. Welch AC, Olenak JL, Culhane N. Incorporating an immunization certificate program into the 
pharmacy curriculum. Am J Pharm Educ 2009;73(1):7. 10.5688/aj730107. [PubMed: 19513144] 

[19]. Welch LH, Hughes LD, May DB, McEwen DW, Duke LJ. Evaluation of student confidence 
in influenza immunization administration using a multi-modal teaching approach. Curr Pharm 
Teach Learn 2014;6(6):782–91. 10.1016/j.cptl.2014.07.011.

[20]. Bushell M, Frost J, Deeks L, Kosari S, Hussain Z, Naunton M. Evaluation of Vaccination 
Training in Pharmacy Curriculum: Preparing Students for Workforce Needs. Pharmacy (Basel) 
2020;8(3):20. 10.3390/pharmacy8030151. [PubMed: 32075212] 

[21]. Dybsand LL, Hall KJ, Carson PJ. Immunization attitudes, opinions, and knowledge of healthcare 
professional students at two Midwestern universities in the United States. BMC Med Educ 
2019;19(1):242. 10.1186/s12909-019-1678-8. [PubMed: 31266481] 

[22]. Kubli K, McBane S, Hirsch JD, Lorentz S. Student pharmacists’ perceptions of immunizations. 
Curr Pharm Teach Learn 2017;9(3):479–85. 10.1016/j.cptl.2017.02.005. [PubMed: 29233288] 

[23]. Pelly LP, Pierrynowski Macdougall DM, Halperin BA, Strang RA, Bowles SK, Baxendale 
DM, et al. THE VAXED PROJECT: an assessment of immunization education in Canadian 
health professional programs. BMC Med Educ 2010;10:86. 10.1186/1472-6920-10-86. [PubMed: 
21110845] 

[24]. Lau ETL, Rochin ME, DelDot M, Glass BD, Nissen LM. “There’s No Touching in Pharmacy”: 
Training Pharmacists for Australia’s First Pharmacist Immunization Pilot. Can J Hosp Pharm 
2017;70(4):281–7. [PubMed: 28894312] 

[25]. Porter AL, Pitterle ME, Hayney MS. Comparison of online versus classroom delivery of an 
immunization elective course. Am J Pharm Educ 2014;78(5):96. 10.5688/ajpe78596. [PubMed: 
24954936] 

[26]. Arora G, Lehman D, Charlu S, Ross N, Ardy A, Gordon B, et al. Vaccine health beliefs 
and educational influences among pediatric residents. Vaccine 2019;37(6):857–62. [PubMed: 
30611603] 

[27]. Berera D, Thompson KM. Medical student knowledge, attitudes, and practices regarding 
immunization. J Vaccines Vaccin 2015;6(1). 10.4172/2157-7560.1000268.

[28]. Link EA, Kreiter CD, D’Alessandro DM. An evaluation of pediatric residency 
education in conveying immunization knowledge. Teach Learn Med 2010;22(3):176–9. 
10.1080/10401334.2010.488196. [PubMed: 20563936] 

[29]. Sarnquist C, Sawyer M, Calvin K, Mason W, Blumberg D, Luther J, et al. Communicating 
about vaccines and vaccine safety: what are medical residents learning and what do they 
want to learn? J Public Health Manag Pract 2013;19(1):40–6. 10.1097/phh.0b013e3182495776. 
[PubMed: 23169402] 

[30]. Tanon V, Borrero C, Pedrogo Y. Knowledge and misconceptions about immunizations among 
medical students, pediatric, and family medicine resident. Bol Asoc Med P R. 2010;102(1):5–8.

[31]. Afonso N, Kavanagh M, Swanberg S. Improvement in attitudes toward influenza vaccination 
in medical students following an integrated curricular intervention. Vaccine 2014;32(4):502–6. 
[PubMed: 24269620] 

[32]. Kerneis S, Jacquet C, Bannay A, May T, Launay O, Verger P, et al. Vaccine Education of Medical 
Students: A Nationwide Cross-sectional Survey. Am J Prev Med 2017;53(3):e97–e104. 10.1016/
j.amepre.2017.01.014. [PubMed: 28237636] 

[33]. Hossain I, Mokaya E, Mugoya I, Olayinka F, Shimp L. Outcomes of the Expanded Programme 
on Immunization Pre-Service Training Initiatives in Kenya: A Mixed Methods Study. World J 
Vaccines 2019;9:85–98. 10.4236/wjv.2019.94006.

[34]. Tsega AY, Hausi HT, Steinglass R, Chirwa GZ. Immunisation Training Needs in Malawi. 
[Research Support, U.S. Gov’t, Non-P.H.S.] 2014 [cited 91 9]; 298–302]. Available from: https://
pubmed.ncbi.nlm.nih.gov/26866081/.

[35]. Maternal USAID and Child Survival Program. Pre-service Education for Immunization. 
MCSP Tanzania Program Brief. 2019; Available from: https://www.mcsprogram.org/resource/
pre-service-education-for-immunization/.

[36]. Umar AS, Olatunji AO, Abiola AO, Yakubu A, Oche M. Technical competence of tutors in pre-
service health training institutions on Expanded Programme on Immunization in North Western 

Tchoualeu et al. Page 12

Vaccine. Author manuscript; available in PMC 2024 May 11.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://pubmed.ncbi.nlm.nih.gov/26866081/
https://pubmed.ncbi.nlm.nih.gov/26866081/
https://www.mcsprogram.org/resource/pre-service-education-for-immunization/
https://www.mcsprogram.org/resource/pre-service-education-for-immunization/


Nigeria. 2011 [cited 3 5]; 234–9]. Available from: https://www.researchgate.net/publication/
267953275_Technical_competence_of_tutors_in_pre-
service_health_training_institutions_on_Expanded_Programme_on_Immunization_in_North_We
stern_Nigeria.

[37]. Schnaith AM, Evans EM, Vogt C, Tinsay AM, Schmidt TE, Tessier KM, et al. An innovative 
medical school curriculum to address human papillomavirus vaccine hesitancy. Vaccine 
2018;36(26):3830–5. [PubMed: 29778518] 

[38]. Marotta C, Raia DD, Ventura G, Casuccio N, Dieli F, D’Angelo C, et al. Improvement 
in vaccination knowledge among health students following an integrated extra curricular 
intervention, an explorative study in the University of Palermo. J Prev Med Hyg 2017;58(2):E93–
8. [PubMed: 28900348] 

[39]. Berenson AB, Hirth JM, Chang M, Kuo YF, Richard P, Jones DL. A brief educational 
intervention can improve nursing students’ knowledge of the human papillomavirus vaccine and 
readiness to counsel. Hum Vaccin Immunother 2021::1–9. 10.1080/21645515.2020.1852871.

[40]. Berenson AB, Hirth JM, Fuchs EL, Chang M, Rupp RE. An educational intervention to improve 
attitudes regarding HPV vaccination and comfort with counseling among US medical students. 
Hum Vaccin Immunother 2019:1–6. 10.1080/21645515.2019.1692558. [PubMed: 30702988] 

[41]. Whitaker JA, Poland CM, Beckman TJ, Bundrick JB, Chaudhry R, Grill DE, et al. Immunization 
education for internal medicine residents: A cluster-randomized controlled trial. Vaccine 
2018;36(14):1823–9. [PubMed: 29496350] 

[42]. Patil SP, Tambe MP, Patil PJ. Effect of immunization counseling skills training in 
third-year medical students. Int J Med Sci Public Health 2015;4(6):858–62. 10.5455/
IJMSPH.2015.12122014176.

[43]. Caruso Brown AE, Suryadevara M, Welch TR, Botash AS. “Being Persistent without Being 
Pushy”: Student Reflections on Vaccine Hesitancy. Narrat Inq Bioeth 2017;7(1):59–70. 10.1353/
nib.2017.0018. [PubMed: 28713146] 

[44]. Gunardi H, Sekartini R, Werdhani RA, Findyartini A, Kurnia MAK. Immunization competence 
retention in medical students: a comparation between conventional lectures and lectures with 
simulations method. Paediatr Indones 2015;55(6):6. 10.14238/pi55.6.2015.339-44.

[45]. Donohoe KL, Mawyer TM, Stevens JT, Morgan LA, Harpe SE. An active-learning laboratory on 
immunizations. Am J Pharm Educ 2012;76(10):198. 10.5688/ajpe7610198. [PubMed: 23275663] 

[46]. Real FJ, DeBlasio D, Beck AF, Ollberding NJ, Davis D, Cruse B, et al. A Virtual Reality 
Curriculum for Pediatric Residents Decreases Rates of Influenza Vaccine Refusal. Acad Pediatr 
2017;17(4):431–5. 10.1016/j.acap.2017.01.010. [PubMed: 28126612] 

[47]. Terriff CM, McKeirnan K. Training student pharmacists to administer emergency pediatric 
influenza vaccine: A comparison of traditional vs. just-in-time training. Curr Pharm Teach Learn 
2017;9(4):560–7. 10.1016/j.cptl.2017.03.006. [PubMed: 29233428] 

[48]. Vorsters A, Tack S, Hendrickx G, Vladimirova N, Bonanni P, Pistol A, et al. A summer school on 
vaccinology: Responding to identified gaps in pre-service immunisation training of future health 
care workers. Vaccine 2010;28(9):2053–9. [PubMed: 20038430] 

[49]. Vyas D, Galal SM, Rogan EL, Boyce EG. Training Students to Address Vaccine Hesitancy 
and/or Refusal. Am J Pharm Educ 2018;82(8):6338. 10.5688/ajpe6338. [PubMed: 30425397] 

[50]. Akselbo I, Olufsen V, Ingebrigtsen O, Aune I. Simulation as a learning method in public 
health nurse education. Public Health Nurs 2019;36(2):226–32. 10.1111/phn.12560. [PubMed: 
30460752] 

[51]. Kumar PS, Palaniappan SK. Evaluation of a structured training program for teaching 
immunization skills to interns. J Evol Med Dent Sci 2018;7(49):5229–31. 10.14260/jemds/
2018/1160.

[52]. Chunharas A, Hetrakul P, Boonyobol R, Udomkitti T, Tassanapitikul T, Wattanasirichaigoon 
D. Medical students themselves as surrogate patients increased satisfaction, confidence, 
and performance in practicing injection skill. Med Teach 2013;35(4):308–13. 
10.3109/0142159x.2012.746453. [PubMed: 23228086] 

[53]. DiDonato KL, Ruehter VL, Odum LE, Brownfield AM, Lindsey CC. Assessing student 
confidence and understanding with the immunization process through implementation of an 

Tchoualeu et al. Page 13

Vaccine. Author manuscript; available in PMC 2024 May 11.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.researchgate.net/publication/267953275_Technical_competence_of_tutors_in_pre-service_health_training_institutions_on_Expanded_Programme_on_Immunization_in_North_Western_Nigeria
https://www.researchgate.net/publication/267953275_Technical_competence_of_tutors_in_pre-service_health_training_institutions_on_Expanded_Programme_on_Immunization_in_North_Western_Nigeria
https://www.researchgate.net/publication/267953275_Technical_competence_of_tutors_in_pre-service_health_training_institutions_on_Expanded_Programme_on_Immunization_in_North_Western_Nigeria
https://www.researchgate.net/publication/267953275_Technical_competence_of_tutors_in_pre-service_health_training_institutions_on_Expanded_Programme_on_Immunization_in_North_Western_Nigeria


immunization protocol at a school of pharmacy. Curr Pharm Teach Learn 2013;5(5):417–23. 
10.1016/j.cptl.2013.06.008.

[54]. Banh HL, Cor K. Evaluation of an injection training and certification program for pharmacy 
students. Am J Pharm Educ 2014;78(4):82. 10.5688/ajpe78482. [PubMed: 24850944] 

[55]. Jones KB, Gren LH, Backman R. Improving pediatric immunization rates: description of 
a resident-led clinical continuous quality improvement project. Fam Med 2014;46(8):631–5. 
[PubMed: 25163043] 

[56]. Real FJ, DeBlasio D, Ollberding NJ, Davis D, Cruse B, McLinden D, et al. Resident perspectives 
on communication training that utilizes immersive virtual reality. Acad Pediatr 2017;30(3):228–
31. 10.4103/efh.efh_9_17.

[57]. Ngamruengphong S, Horsley-Silva JL, Hines SL, Pungpapong S, Patel TC, Keaveny AP. 
Educational Intervention in Primary Care Residents’ Knowledge and Performance of Hepatitis 
B Vaccination in Patients with Diabetes Mellitus. South Med J 2015;108(9):510–5. 10.14423/
smj.0000000000000334. [PubMed: 26332473] 

[58]. Rill V, Steffen B, Wicker S. Evaluation of a vaccination seminar in regard to medical students’ 
attitudes and their theoretical and practical vaccination-specific competencies. GMS J Med Educ 
2020;37(4):Doc38. 10.3205/zma001331. [PubMed: 32685666] 

[59]. Beggs AE, Morrical-Kline KA, Wilhoite JE, Fick LB. Effect of an intervention on medical 
resident knowledge and adult immunization rates. Fam Med 2013;45(2):118–21. [PubMed: 
23378079] 

[60]. Martinez-Gonzalez NA, Djalali S, Tandjung R, Huber-Geismann F, Markun S, Wensing M, et 
al. Substitution of physicians by nurses in primary care: a systematic review and meta-analysis. 
BMC Health Serv Res 2014;14:214. 10.1186/1472-6963-14-214. [PubMed: 24884763] 

[61]. Laurant M, Reeves D, Hermens R, Braspenning J, Grol R, Sibbald B. Substitution 
of doctors by nurses in primary care. Cochrane Database Syst Rev 2005;(2):CD001271. 
10.1002/14651858.CD001271.pub2. [PubMed: 15846614] 

[62]. Grossman R, Salas E. The transfer of training: what really matters. Int J Train Dev 
2011;15(2):103–20. 10.1111/j.1468-2419.2011.00373.x.

[63]. Thalheimer W Factors that support training transfer: A brief synopsis of the transfer research. 
2020 [updated January 6]; Available from: https://docslib.org/doc/13256688/factors-that-support-
training-transfer-a-brief-synopsis-of-the-transfer-research.

Tchoualeu et al. Page 14

Vaccine. Author manuscript; available in PMC 2024 May 11.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://docslib.org/doc/13256688/factors-that-support-training-transfer-a-brief-synopsis-of-the-transfer-research
https://docslib.org/doc/13256688/factors-that-support-training-transfer-a-brief-synopsis-of-the-transfer-research


Fig. 1. 
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Fig. 2. 
Review Search Flow Diagram: Pre-service training (2001–2021).
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Fig. 3. 
Competencies covered in medical, nursing, and pharmacy pre-service training, by student 

type for 30 of 44 articles that reported on competencies covered in training
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