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Abstract
Transforming Global Health Security to Prevent, Detect and Respond: A Systematic
Review of Workforce Development

By Bernard Owusu Agyare

Introduction: The COVID-19 pandemic has exposed deep cracks in the global health
security architecture. Although the health workforce has a responsibility to prevent, detect
and respond to health threats, workforce is usually insufficiently prepared and
uncoordinated. This systematic review aims to examine the state of the global health
security workforce, identify gaps in workforce development and offers recommendations
to transform global health security to effectively prevent, detect and respond to health
threats.

Methods: The study searched PubMed™; Web of Science™; and ERIC™ databases for
English-language literature on global health workforce development published between
January 2000 and December 2021. Electronic searches for selected articles were
supplemented by manual reference screening. The review followed the Preferred
Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) guidelines.

Results: Out of 1,437 citations retrieved from the electronic searches, 37 articles were
included in the review. There is increased interest in health workforce development
activities immediately after a global health event. National governments, the World Health
Organization (WHO) and the United States Centers for Disease Control and Prevention
(CDC) were identified as the major stakeholders in workforce development whereas
Physicians, nurses, and epidemiologists were identified as key professionals responsible
for maintaining global health security. There was no specific tool or framework for the
enumeration of workforce to identify demand and supply projections. Blended learning
(combining online and in-person instruction) was identified as the preferred training
modality for workforce development.

Conclusion: Findings suggested that there was no clear definition for global health
security and which professions should constitute the global health workforce among
stakeholders. There was also little recognition from stakeholders in animal and
environmental health which undermined the principles of One Health. The study also
identified that most workforce development frameworks were vague on indicators and
competencies expected of the different cadre of health workforce. There was the need
for sustained investment in global health workforce and enhanced collaboration between
the human, animal and environmental health.
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CHAPTER ONE
1.0 Introduction

Global interconnectedness makes the spread of dangerous pathogens across geographic
areas easier. (Re)emerging pathogens, as well as climate-related health events, pose
significant threats to humanity.>? They are associated with high morbidity and mortality,
plus psychological and emotional tolls on individuals and families.® They lead to declining
national economies, unemployment, and disruption of existing health programs.* To
protect humanity from these devastating consequences, adequate public health
preparedness and response are required.® According to the Organization for Economic
Co-operation and Development (OECD), pandemic preparedness and response are

“quintessential global public goods” that must be actively pursued.®

The ongoing COVID-19 pandemic exposed deep cracks in the global health security
architecture.”® The failure to mount prompt and coordinated worldwide (and national)
responses — especially during the initial stages — showcased lapses in pandemic
preparedness and response. This stems, in part, from an insufficiently prepared and
uncoordinated frontline public health (PH) workforce. The lack of PH-prepared workers
was not peculiar to low- and middle-income countries (LMICs) (e.g., as during Ebola) but
also among highly income countries (HICs). Additionally, the COVID-19 pandemic
highlights just how working in professional silos severely undermined responses to a
crisis of such magnitude.® This raises questions about the current paradigm for PH

workforce development.

Various frameworks of global health security workforce development have been
designed, mostly in reaction to prior global health events. For instance, after the world

recovered from the trauma of the severe acute respiratory syndrome (SARS) pandemic



in 2003, the International Health Regulations (IHRs) was revised and adopted by the
World Health Organization.'®? This revision of the IHRs was to ensure global health
security by coordinating and supporting global health efforts to prevent, detect, and
respond to the international spread of diseases.'! However, the core capacity that
addressed PH workforce was vague. The effect has been a slow and lackluster response
to subsequent pandemics, especially the current one causing significant worldwide

morbidity and mortality, economic hardship, fear, and anxiety.

Tragically, experts continue to warn of future pandemics with greater consequences. To
ensure humanity is well prepared, the urgency to modernize global health security —
particularly in workforce development — is far more apparent.’> The lack of an exact
definition for the global health security workforce; what cadre of professionals should
constitute this workforce; what pre-service and in-service training needs might be; and

what a universal framework outlining competencies might look like are gaps.

Despite the importance of workforce development, research is limited. Although some
published literature on the topic have offered diverse solutions, they do not address how
these solutions can be applied universally. Existing literature fails to consider the impact
of contemporary global health issues (e.g., climate change, synthetic biology, and
neocolonialism) on workforce development. This study examined the gaps in global
health security workforce development and offered recommendations applicable to
contemporary issues.

1.1  Background
We have experienced five pandemics in the 21%t century: severe acute respiratory

syndrome (SARS-CoV-1) in 2002; HIN1 in 2009; Middle East Respiratory Syndrome



(MERS) in 2012; Ebola in 2013; and COVID-19 (SARS-CoV-2) from 2019 until now.
Drivers (e.g., rapid population growth, urbanization, and land conversion) led to the
unprecedented intermingling of wild animal and insect species, humans, and
domesticated animals.'314 This cross-species pathogen exposure results in the increased
emergence of novel human pathogens.*® In this interconnected world, diseases and other
health threats transcend geopolitical boundaries through international travel and trade.'®
This implies that a single health event in any country can rapidly spread and seriously

undermine the health, economy, and social livelihood of the entire global community.

Sadly, the global community has responded only reactively to these pandemics. Various
frameworks and resolutions have been formulated and implemented in the aftermath of
these devastating pandemics; the International Health Regulation (IHR) was revised in
2005 (and became legally binding on member states in 2007). Not long after, three major
pandemics — HIN1 in 2009; Middle East Respiratory Syndrome (MERS) in 2012; Ebola

in 2013; — shook the very foundation of the newly revised IHR 2005.

As in the past, global health leaders reacted by formulating the Joint External Evaluation
(JEE) in 2015; a competency-based assessment of health security preparedness. Various
JEE reports were released to highlight how countries (especially industrialized nations)
were prepared to deal with future pandemics.!” However, the COVID-19 pandemic has
exposed inherent gaps and flaws in these assessments. Evidently, the world was
unprepared; response was spontaneous, uncoordinated, and chaotic at global and

national levels.1819

Pandemics are associated with significant human, economic, and social costs. These

costs are even much dire if adequate mitigation strategies are not in place or enforced.



According to the U.S. Center for Disease Control and Prevention (CDC), between
151,700 and 575,400 people died worldwide from H1N1 in 2009.2° WHO reported a case
fatality rate of 35% from MERS in 2012.%* and 11,462 died from Ebola in 2013.22 COVID-
19 has claimed > 5,000,000 lives; and this count is sadly still rising.?® The economic and
social impact of these pandemics are incalculable. Researchers and global figures
continue to warn of future pandemics with even greater magnitude. These warnings must
be taken seriously to save humanity from impending disasters. The need to invest in

training and preparedness of the global health workforce is more than apparent.

Workforce development cannot be overemphasized. Health systems can only function
with the availability, accessibility, acceptability, and quality of healthcare workers.?*
Healthcare workforce is one of the six components of WHO'’s health system strengthening
framework. In fact, a country’s ability to meet its health needs will depend on the
knowledge, skills, motivation, and deployment of the health workforce.?> Therefore, health
system capacity is intricately connected to a country's health workforce capacity and
sustainability.?® In a broader context, addressing global health workforce development

would support national health system strengthening.

Additionally, a clearly defined workforce development strategy will address some
impediments to the implementation of One Health. One Health is an inter-disciplinary
approach with an overarching goal to foster coordination, communication, and
collaboration among relevant national and international institutions, ministries, and
stakeholders for human, animal, and environmental health. This coordination,
communication, and collaboration serves as the strategic platform to share and utilize

information and communication technology (ICT) supporting human and animal public



health surveillance (PHS); make evidence-based information available to relevant

authorities; and implement actions that prevent, detect, and respond to health threats.?’

During the early phase of the COVID-19 outbreak, ICT and data sharing among relevant
human and animal health institutions was clearly lacking; this resulted in delayed
declaration of a PHEIC by the WHO, and other public health actions such as testing and
contact tracing.?® The loss of immediate containment is a direct consequence of multi-
disciplinary health actors operating in silos with little or no coordination, communication,
and collaboration.

1.2  Problem statement
Pandemic events such as COVID-19 pose significant challenges to humanity. The

human, economic, and social costs are incalculable. An estimated 259,258,632 have
been infected with COVID-19 with global mortality over 5,172,314 as of Nov 24, 2021.%3
The 2014 — 2016 Ebola pandemic in West Africa was estimated to affect > 28,000 persons
with 11,000 deaths.?? Measures imposed by governments and health authorities to
control pandemics also have a negative impact on mental health, especially children and
young adults. The rate of depression and anxiety resulting from the COVID-19 lockdown

was high.2%:30

The economic and fiscal impact of COVID-19 has been disastrous. The global economy
is estimated to have lost USD $53 billion due to Ebola3! and USD $16 trillion from COVID-
19 between 2020 and 2021.%? Total and partial lockdowns plus closure of air, land, and
sea borders led to an unprecedented interruption in global commerce and trade.® These

measures affected the operation of many companies and forced some to downsize or



close, leading to unemployment and further exacerbating personal and household

poverty.

The effect on smaller economies is more pronounced. With limited purchasing power,
individuals and families were driven down the economic hill, deepening the inequalities
that existed between the poor and the rich.2* The global poverty rate which had seen a
steady decline since the 1990s, could now see a sharp rise®? derailing the sustainable

development goal to end poverty by 2030.

Pandemics impose unbearable social costs on humanity and upset the norms of societal
interactions and activities. Restrictions resulting from the closure of national borders and
other forms of intra-nation measures (e.g., isolation and quarantine) effectively caused
the separation of families in certain situations. There were reported high incidences of
domestic violence, particularly Intimate Partner Violence (IPV) because of social
distancing, self-isolation, and lockdown measures which are known to precipitate these

abuses.35:36

Staying at home due to the closure of schools and the lack of playtime with peers
increased mental health problems of children and young adults.®” At the peak of the
COVID-19 pandemic in 2020, 90% of school children were unable to attend school®, a
situation that negatively impacted academic performance of many children.3® Evidence
suggests that lockdowns increased violence and vulnerability of children. Reported cases

of child abuse spiked during the lockdown periods.*°

Existing health programs such as maternal and child health, immunization coverage, and
chronic diseases are negatively impacted by pandemics; resources for these priority

health programs are diverted to combat the epidemic, further exacerbating existing health



problems.*! Lockdown and other restrictive policies can lead to reduction in the patronage
of healthcare services, particularly among vulnerable populations. Events of such nature
can disrupt health service delivery through loss of health staff, damage to health facilities,

interruption of health programs, and overburdening of clinical services.?*

The hemorrhage seen in these sectors could have been mitigated with prompt prevention,
detection, and response measures. As a result of inefficient workforce development
policies and procedures, the global health security workforce was unprepared and
uncoordinated in its response to the COVID-19 pandemic. Many countries lacked robust
preparedness plans, core public health capacities, and collaboration at the multi-sectoral

levels which was further worsened by the lack of political commitment.4?

The devastating consequences of pandemics and how to develop the workforce to
prevent, detect, and respond is the motivation for this work. The gaps in the existing
workforce development framework that contributed to lapses in response to real-time
emergency required that literature on global health security workforce development be
systematically collected, reviewed, analyzed, and recommendations made to modernize
existing workforce development approaches. The modernized global health security
architecture must be firmly grounded in a highly trained, efficient, coordinated, and
decentralized workforce.

1.3  Purpose statement
This systematic literature review examined and evaluated past and current efforts made

by international bodies, national governments, multi-lateral organizations, and
educational institutes to address global health security workforce development.

Additionally, this review identified limitations and gaps in existing workforce development



frameworks and made recommendations to modernize workforce development to
prevent, detect, and respond to emerging and re-emerging health threats.

1.4  Research questions
i.  What are the existing frameworks for global health security workforce

development?

ii.  What is the composition of global health security workforce?

iii.  How can the workforce be monitored to anticipate demand?

iv.  What are the existing gaps in global health security workforce development and
the recommendations that can be made to modernize it?

1.5 Significance
Pandemics such as COVID-19 and other climate-related health threats continue to wreak

havoc on humanity. Globalization has made it easier for the spread of infectious diseases
from any remote corner of the world to all countries within hours and days. Such events
have tremendous human, economic, and social costs expensive to bear at the

international, national, household, and individual levels.

Over the past 20 years, the world has experienced several pandemics with devastating
consequences. Regrettably, research continues to show that pandemics and other health
events of a larger scale still await humanity.*3 Therefore, the need to identify and address
gaps in pandemic preparedness and response is crucial. At the forefront of protecting

humanity from the devastating impact of pandemics is the health workforce.

It is imperative to review the state of the global health security workforce and the lack
capacity to prevent, detect, and respond appropriately to past and present pandemics

and health threats. It is also important to explore ways to build a stronger global health



security workforce with the capacity to prevent, detect, and respond to small- and large-

scale epidemics that endanger humanity.

Findings from this review will be used by WHO and national governments to re-commit to
the objectives of the International Health Regulations (IHR) by investing in health
workforce capacities. Adequate investment in personnel, training, and logistics will ensure
that the global health security workforce is well-prepared, equipped, confident, and

motivated to prevent, detect, and respond to health threats.

This review will draw attention to global health decision-makers and stakeholders on the
need to have a clearly defined global health security workforce. There is the need to
expand the global health security workforce from the traditional hospital-centered
approach to a more diverse scope. A clearly defined global health security workforce
cadre will lead to a change in thinking in the scope of education and training, as well as

the allocation of resources to the prevention, detection, and response to health threats.

This review will be used to advocate for a stronger commitment to the One Health
Approach by the World Health Organization (WHO), World Organization for Animal Health
(OIE), and Food and Agriculture Organization (FAO). It will highlight the advantages of

strong investment in One Health at international, national, and sub-national levels.
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CHAPTER TWO
2.0 Literature review

The literature was gathered on the global health security workforce as a tool to effectively
prevent, detect, and respond to health threats. The various components of the health
security architecture were explored. Existing frameworks on workforce development were
also reviewed to highlight contemporary issues that should influence workforce

development strategies.

The health workforce remains one of the key pillars of a strong and viable health system.
The global health workforce has a responsibility to build the resilience of communities to
prevent, detect, and respond to health threats.?* To effectively mitigate the impact of
global health events that threaten the health and wellbeing of humanity, the workforce

must be trained, equipped, and strategically deployed.>44

The COVID-19 pandemic raised fundamental questions about the capacity of the global
health workforce to effectively perform its core responsibilities. To understand lapses in
workforce functionality and offer recommendations that can help the workforce to respond
effectively to future threats, it is important to understand the three core functions of the
global health security workforce.

2.1 Pandemic and health threats prevention
Health threat prevention is the first pillar in the global health security architecture. Leavell

& Clarck (1976) define prevention as a calls for action in advance, based on knowledge
of natural history in order to make it improbable that the disease will progress
subsequently.*®> To prevent is therefore to take pre-emptive measures based on scientific

knowledge to avert the emergence of specific diseases or health threats.*¢ Because more
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than 60% of global health threats are zoonotic in nature, 4"-*° preventive measures should
be embedded in collaborative activities across multiple sectors — human, animal, and
environment. Effective prevention requires capacity for infection prevention and control
(IPC)*® and emergency risk communication.>>%? Kandel et al. (2020) posits that
prevention of health threats requires reaching out to all persons and communities with
concise prevention messages.*

2.2  Pandemic and health threats detection
Early and accurate detection of infectious agents whether emerging or re-emerging

represents one of the most important pillars of global health security. According to the
U.S. Institute for Medicine, detection requires active vigilance for signs of an outbreak,
rapid recognition of its presence, and diagnosis of its microbial cause. 53 Gostin & Katz
(2016) acknowledge that the longer it takes to detect an event, the slower the response
which leads to higher morbidity and mortality.*® This implies that surveillance is critical for
the early identification of health threats. National early warning and alert systems
(EWARS) which include Indicator-based and Event-based surveillance systems can be

effective in the timely detection of health threats.

These surveillance systems utilize formal and informal channels to monitor and report
health threats to appropriate authorities. Laboratory-based surveillance is another form
of infectious diseases detection system that can harness technological advances in
molecular methods to sequence and characterize infectious agents in a matter of days or

even hours in some settings.%*

The effective operation of these surveillance and detection systems depends heavily on

a highly motivated, diverse, and intrepid workforce cadre; - clinicians, epidemiologists,
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bioinformaticians, laboratorians, veterinarians, agricultural extension agents, point of
entry officers, among others. These personnel are trained to notice unusual or suspicious
symptoms and bring them to the attention of appropriate health authorities. In this regard,
it is important that the health workforce is trained on quality standards and guidelines in
the detection of health threats.

2.3 Pandemic and health threats response
The ultimate goal in maintaining global health security is the ability to mount an effective

response to any health threat that has evaded prevention. Detection is not enough. It is
important to respond appropriately. The aim of response is to stop, slow or otherwise limit
the spread of the infectious agent. Approaches to response are wide and varied.
Governments may decide to close air, sea, and land borders to control the international
spread of diseases.®® Total or limited lockdowns can also be imposed in certain
jurisdictions.%® Public health measures initiated in response to infectious diseases may
include contact tracing and testing of suspected individuals, quarantine of exposed

persons, and isolation of infected individuals.>"-%8

According to Patel (2019), an efficient public health emergency response requires a
unified Command-and Control system and functional emergency operations centers
(EOCs).%® Olu et al., (2016) add that this incident command and EOCs setup will be
responsible for creating rapid response teams and case management guidelines.®° Davis
et al.,(2021) and Parry et al., (2021) emphasize that workforce is critical for emergency
response activities — human resources, funds, and logistics mobilization and prompt
deployment.f1.62 Trained and motivated personnel are equally integral to responding to

health threats at points of entry (PoEs). An appropriate response can be activated when
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suspected cases are detected at points of entry to prevent the risk of transmission across
national and international borders.

2.4  Existing global health security workforce development frameworks
The ability to prevent, detect, and respond to pandemics is reliant on workforce capacity.

In the last two decades, various frameworks and policies have been designed to capture
the inherent importance of global health security. These frameworks were developed in
response to major global health events. Global health security workforce development
has always been a key component in all of them. The International Health Regulation
(IHR) core competencies, the WHO Health systems strengthening framework, the WHO
Workforce development action plan, the Global Health Security Agenda action packages,
and several international organizations have made provisions for workforce development

in their frameworks.

These notwithstanding, the global health workforce appears helpless in the face of health
threats. This helplessness was evident in the early phase of the COVID-19 pandemic and

previous pandemics that have affected the world at the turn of the 215 century.
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Figure 1: Global Emerging, Re-emerging, and Deliberately Emerging Diseases, 1981 —
2020
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2.4.1 IHR framework
After the 2003 severe acute respiratory syndrome (SARS) pandemic, the World Health

Assembly (WHA) passed resolution WHA56.29 to respond to global public health
threats.%* As a follow-up, resolution 58/3 of the United Nations General Assembly was

adopted which underscored the importance of enhancing capacity building in global public
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health and urged that priority should be given to this resolution. This led to the revision of

the IHR in 2005 that became legally binding to all member states (MS) in 2007.1°

The IHR (2005) is primarily designed to ensure that countries have the capacity to detect
health events and give notification to appropriate reporting authorities. The IHR operates
on a graduated reporting format for health events. For example, when a disease or deaths
exceeds expected levels in a geographical area, health officials report to subnational or
national levels. When health events that are deemed to have “serious public health impact
or unusual with high potential for spread” are detected, they must be reported immediately
to the national level where the event(s) must be assessed within 48 hours. Events
assessed to warrant international concern, known as Public Health Events of International
Concern (PHEIC), must be reported to WHO within 24 hours through the IHR national

focal point.®®

Because health workforce is integral to the IHR reporting system, one of the core
capacities of the IHR is human resource or workforce development. Indicator 7.1.1 of
component 7 of the IHR states that human resources must be available to implement IHR
core capacity requirements.! This implies that MS are to ensure availability of sufficiently
trained workforce to implement this objective. However, the workforce development
indicator is vague and lacks specificity. The exact definition of health security workforce
and the required competencies to effectively operate the IHR is conspicuously missing.
The IHR provides no roadmap or guideline to support MS on workforce development
strategies that include workforce needs, training needs, and development of a career

ladder to improve retention for the various cadres required to ensure health security. This
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lack of directionality has left MS to interpret health workforce based on their national
priorities.

2.4.2 WHO framework on Workforce Development
To strengthen global health, WHO formulated the health system strengthening framework

as an instrument to catalyze the achievements of health targets in the Sustainable
Development Goals (SDGs). One of the six building blocks of the HSS framework is
human resource development. According to WHO, the health workforce constitutes “all

people engaged in actions whose primary intent is to enhance health.%®

The report continues to identify the workforce to include clinical staff, such as physicians,
nurses, pharmacists, and dentists, as well as non-clinical staff, such as managers,
ambulance drivers, and accountants. The HSS workforce framework is focused on
primary healthcare. Professionals such as laboratory staff, epidemiologists, public health

officers among others who are integral to global health security are not mentioned.

A narrowed workforce scope in the HSS framework undermines the ability to efficiently
plan and deploy workforce development resources. An inclusive global health workforce
development is particularly important at a time when there is limited global and national
financial investment in the health workforce. Therefore, a unified and multi-sectoral
workforce development strategy should be pursued towards the concurrent achievement
of the universal health coverage (UHC) and global health security (GHS) objectives.

2.4.2 Global Health Security Agenda Framework
The GHSA is a multi-national initiative launched in 2014. The aim of GHSA is to link MS,

international organizations, and civil society together to prioritize health security activities
and help countries to achieve core capacities of the IHR.%¢ Ultimately, the GHSA seeks

to achieve coordinated action and undertake specific, measurable steps to prevent,
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detect, and respond quickly to emerging infectious diseases. To facilitate this goal, the
GHSA has 11 action packages that provide guidance in prevention, detection, and
response to health emergencies. These packages include baseline assessments,
planning activities, and monitoring and evaluation activities that break down the broad

issues of global health security into more discrete and attainable goals.

Action package 11 (AP) specifically addresses workforce development. The mission of
the workforce AP is to sustainably enhance prevention, detection, and response activities
through a fully competent, coordinated, evaluated, and occupationally diverse multi-
sectoral workforce (e.g., physicians, veterinarians, biostatisticians, laboratory scientists,
farming/livestock professionals). Indicator D.4.2 requires that Field Epidemiology Training
Program (FETP) or other applied epidemiology training program must in place. In this
regard, The workforce development AP is targeted for one trained field epidemiologist per
200,000 population, and one trained veterinarian per 400,000 animal units (or per

500,000 population).t”

The GHSA is an improvement to the IHR because the framework acknowledges the
importance of a health security workforce that is occupationally diverse and coordinated.
The GHSA also presents concrete and actionable targets such as the number of trained
epidemiologists or veterinarians per population. Notwithstanding, the GHSA framework
still lacked specificity in some of the workforce indicators. The exact definition of the global
health security workforce and the required training, level of proficiency and competencies
to effectively prevent, detect, and respond to health threats are not defined. Additionally,

although there is some form of accountability through the Joint External Evaluation (JEE)
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process, these evaluations are voluntary. The Health Security Index only seeks to score
countries’ state of pandemic preparedness without any actionable steps.

2.5 International organizations and national governments commitment to workforce
development

Some governments and international organizations actively support the global health
security workforce in many countries through diverse pre-service and in-service training
programs. The U.S. government, through FETP, assists the development of global
epidemiology and public health surveillance (PHS) workforce capacities.®® Since 1980,
U.S. CDC through FETP has supported the training of over 18,000 disease detectives in
more than 80 countries.®® Similarly, the German government, through the Global
Partnership Initiated Biosecurity Academia for Controlling Health Threats (GIBACHT)
supports low- and middle-income countries (LMIC) to prevent, detect, and respond to
health threats. GIBACHT aims to strengthen national and local centers for infectious
disease epidemiology and management, biosafety and biosecurity, and the management

of biohazards.

Since 2015, over 80 people from 18 different countries have received training in
biosecurity.”® The Biological Weapons Convention (BWC), Africa CDC Institute for
Workforce Development (IWD), the International Association of National Public Health
Institutes (IANPHI), the International Federation of Biosafety Association (IFBA), John
Hopkins Center for Global Health Security are all examples of organizations and training

programs that aim at building the capacity of the Global health security workforce.
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2.6  Contemporary issues and workforce development

2.6.1 Climate change
Climate change remains one of the most important health threats to humanity and

influences human health and disease in numerous ways.’*’? Cavicchioli et al., (2019)
note that climate change severely impacts water availability, food security, air quality,
pathogen and vector dynamics, vector distribution and human habitat.”® According to
WHO report on climate change and health, climate change enormously affects the social
and environmental determinants of health - clean air, safe drinking water, sufficient food,
and secure shelter, and is estimated to lead to approximately 250,000 additional deaths
per year between 2030 and 2050.74 This implies that climate change poses a significant
threat to global health security. Workforce development strategies should be cognizant of
the impact of climate change on health security.

2.6.2 Biotechnology-synthetic biology
Synthetic biology is an interdisciplinary field that emerged at the beginning of the 21st

century and has demonstrated immense potential for scientific research and application.”
This novel technology allows researchers to quickly reconstruct, or engineer/modify
viruses based on available viral sequence.’® It has the potential to help humanity address
critical issues such as health, environmental issues, energy, materials, among others.
Conversely, unintended consequences of synthetic biology that stem from dual use
research of concern (DURC) are sources of potential threat to global health security.””
With this technology, biological agents can be weaponized either by state or non-state
actors with devastating consequences for humanity. Biosecurity and biosafety workforce
capacity needs to be developed within national health systems to survey and respond to

the potential threats of emerging biotechnologies.
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2.6.3 One Health
Existing workforce development frameworks highlight the importance of the One Health
approach to infectious diseases prevention and control. Cutler et al., (2010) and
Rozenbaum (2020) observed that most of the new pathogens that threaten humanity are
zoonotic in origin.”®’® Driving the increasing emergence of zoonotic diseases are land
use, food production practices, and population pressure. The increasing interaction
between humans, animals, and the environment makes it imperative to have a workforce

that is versatile and interoperable across these disciplines.

One Health, an interagency and multisectoral collaboration between human health,
animal health, and environmental health,®® must be an integral part of pandemic
preparedness planning.8? Although most existing frameworks acknowledge the
importance of One Health, health workforce development programs are mostly conducted
in professional silos which undermines the principles of One Health.

2.6.4 Negative influence of neocolonialism
Global health and its precursor international health have historically been influenced by

the agenda of individuals and organizations in high-income countries (HICs).8? This
unequal power dynamic has mostly disadvantaged partner institutions in low- and middle-
income countries (LMICs).23 Health workforce development is not immune from
neocolonialism. Pre-service and in-service training curricula are mostly designed in the
HICs with little to no consultation and consideration of the socio-cultural context of the
LMICs. This state of donor dependency perpetuates neocolonialism in global health
workforce training programs. The COVID-19 pandemic must be a watershed in future

workforce training programs. Every country, rich or poor is at risk of health threats
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therefore training should be collaborative and must involve exchange of best practices in
pandemic preparedness and response.

2.7 Re-examine the health security workforce cadre
Contemporary issues such as climate change, biotechnology, and the emergence of

COVID-19 should motivate global health security stakeholders to pause, reflect, and
redefine the global health security workforce. An accurate definition of the global health
security workforce would support the modernization of workforce development and
training approaches. Dussault and Franceschini (2006) notes that health workforce
development programs focuses on primary healthcare (curative).84 Although there have
been attempts to train epidemiologists and laboratory staff through the FETP and FELTP,
other workforce cadres such as veterinary officers, public health informaticians, health
communicators, points-of-entry (PoE) officers among other professionals whose work are
important to health security are often overlooked. Workforce development should be more
integrated in scope encompassing all relevant cadres.

2.8  Strengthening global coordination and capabilities
While nations must reinforce their capacities to prevent, detect, and respond to health

threats, it is equally important to strengthen international collaboration and capacity-
building solidarity. The COVID-19 pandemic has illustrated that the world is as safe as
the most unprepared country. Infectious agents know no borders, so international
cooperation is essential. Global health security is a global public good that requires
collective action.

2.9 Summary
Global health security workforce has a primarily role to prevent, detect, and respond to

(re)emerging health threats. Despite these existing frameworks, policies, and training
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programs to build workforce capacity to prevent, detect and respond to health threats, the
COVID-19 pandemic has exposed some inefficiencies and deep gaps. To provide clarity
on this issue, we sought to perform a systematic review of the literature to (1) identify
current frameworks that underpin workforce development and identify key stakeholders;
(2) access current workforce development approaches that are effective and considered
best practices; and (3) examine gaps in existing approaches and provide

recommendations for modernizing the global health security workforce.
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CHAPTER THREE
3.0 Methods

The study aimed to provide a systematic review of the literature regarding the global
health security workforce and how it could be modernized to be effective to detect,
prevent, and respond to (re)-emerging health threats. This systematic review was based
on guidelines from five steps in conducting a systematic literature review.®> Guidelines
from Tricco et al., (2018) was used in to create the Preferred Reporting Items for
Systematic Reviews and Meta-analyses (PRISMA) flow chart.8¢ (Fig 2) Defined research
guestions were developed and, specific inclusion and exclusion criteria were identified to
determine which studies to include in the review.

3.1 Literature search strategy
Literature search was conducted using three electronic databases: — PubMed™; Web of

Science™; and ERIC™. PubMed™ and Web of Science™ were selected because these
are commonly accessed databases by global public health experts and contain peer-
reviewed articles published in journals with high Institute for Scientific Information (ISI)
impact citation indices and with wide linkages to other high- profile databases. ERIC™
database was included in this search process because of the likelihood of identify
literature that pertaining to education and capacity building for the health workforce.
Additionally, ERIC™ database is frequently used researchers conducting studies on
other aspects of public health workforce.®” Google search engine was used to identify

grey literature.

A widespread search strategy identified the maximum number of appropriate studies in
each database. All possible formulations of the terms (combined with Boolean operators)

were used in the search performed between Jan 28 — 31, 2022. Three electronic
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databases were searched for articles published between Jan 1, 2000 and Dec 31, 2021.
Search terms included “public health workforce” OR “global health workforce” OR "health
personnel® OR "human resources for health" OR "health workforce” OR "health
manpower” AND "workforce development” OR "human resource development” OR

"capacity building” OR "skill development".

Additionally, a combination of related search terms: “global health security workforce
development framework” was applied to expand the search strategy. Grey articles were

manually searched, identified, and included provided they met the eligibility criteria.

We supplemented the academic literature search with a search of grey literature using
similar search terms. The search included WHO reports and national strategic response
plans; this gave authentic reflections of the rapidly evolving landscape to guide key

stakeholders.

Citations were exported to a citation management system, and sources were screened
using a pre-determined inclusion and exclusion criteria.
3.2 Inclusion and Exclusion Criteria

3.2.1 Inclusion
Eligibility criteria looked at four key factors: (1) peer-reviewed articles published on or

after year 2000 in any part of the world; gray literature published on or after 2000 by any
government, international or multinational organization or agency; (2) the main theme(s)
of the article address health security workforce research or relate to at least one of the
following workforce focus areas: global health or public health workforce development
framework or policy, global health workforce scope, pandemic preparedness, and

response; (3) article focuses on national or global health security workforce; and (4)
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published in English. English-based articles were included as an eligibility criterion due to

language limitations of the reviewer.

This study included articles in English that discussed a combination of key concepts,
including pandemic preparedness and response, global health security, workforce
development, governance for global health, and health system strengthening, and
literature examining political or social drivers and implications of health workforce
development.

3.2.2 Exclusion
The study excluded articles that focused exclusively on medical health emergencies or

global health policies and programs that were not specifically aligned to workforce

development. Exclusion criteria included being

e published prior to 2000.

e not published in English.

To address the issue of bias in the study, country specific workforce development reports,
international or institutional reports as well as after action review report on health
workforce development were also excluded because they were neither peer reviewed nor
linked with impact citation indices. Further they do not follow specific study design
methodologies. However, cited published articles in these country and organizational
specific reports were manually searched for inclusion.

3.3 Data collection and management

3.3.1 Data extraction
Searched results were screened and full text assessed for inclusion. Covidence tool 88, a

web-based software platform was used to screen for title, abstract, and full-text screening.
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Microsoft Excel™ was then used to extract as data extraction form to record information
from the selected full-text literature. The form was developed based on the research
objectives.

3.3.2 Data synthesis
Studies were analyzed to evaluate their relevance for inclusion, focusing on the following

aspects: (i) objectives; (ii) key global health stakeholders; (iv) health profession; (v)
competencies; and (vi) modalities for training. The gathered data were analyzed to
provide initial answers to the research questions.

3.4 Institutional Review Board (IRB)
This study is a literature review and did not involve human subjects’ research, therefore

no IRB consideration was required.
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CHAPTER FOUR
4.1  Findings

The literature search identified 1,431 articles that included the search terms: PubMed™

(n=74), Web of Science™ (n=609), and ERIC™ (n=748). (Fig 2)

Figure 2. PRISMA Diagram of Literature on Global Health Workforce Development,

2020 — 2021
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Grey literature from hand search using google and specific organization websites added
six articles bringing the total number of articles to 1,437. After removing 184 duplicated
from the search results, 1253 references remained for title and abstract screening. Among
these, 1,079 articles were identified to be irrelevant due to exclusion criteria: not related
to the study in any way (1,067), written in a language other than English (n=7), before
2,000 (n=5). Of the 174 that underwent full text review, 137 were excluded due to
inclusion criteria: no full text available (9), too general or not focused on study objectives
(n=45), outside study scope (n=83). The remaining 37 were considered relevant to the

study objectives and therefore included in the study.

Key information from each of the 37 included articles were abstracted into an Excel
database. These 37 articles were comprised of 31 empiric studies assessing global health
workforce development specifically (n=23) or the public health workforce more generally
but included specific information on workforce demand/enumeration (n= 9). Eleven
studies described capacity building activities and five described specific training programs
designed to enhance workforce development in governmental public health agencies.
Four articles described the process of developing applied epidemiology competencies.
Six articles were non-empiric in nature and were obtained from international organization
and academic institutions that provided theoretical concepts and recommendations to the
development of global health security workforce.

4.2  Publications on Global Health Workforce Development

The trend in publications on global health workforce development in this study showed
the first five years of the 215t century did not record any publications on global health

security workforce. (Fig 3)
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Figure 3. Publication Trends on Global Health Workforce Development, 2000 — 2021
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Approximately 1 publication per year were observed from 2006 until 2010. From 2011 to
2012, there was a significant increase, approximately 24.4% of articles included in the
study. However, there was a sharp decrease in publications from 2012 until 2019 when
there was a renewed interest in global health workforce. Majority, representing 45.9% of
publications on global health workforce development were recorded between 2020 and

2021.
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Figure 4. Geo-distribution of Publications on Global Health Workforce Development, by

Continent, 2000 — 2021
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The geographic distribution of publications on Global Health Workforce Development in
this study showed approximately 40% of publications on global health workforce
development originated from North America, precisely the United States of America. (Fig
4) About 26% and 18 % of eligible publications on workforce development came from
Africa and Europe respectively. Australia and Asia accounted for about 10% and 5% of
publications respectively. Whereas most of these publications came from North America,

there was no publication that originated from South America.
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4.3  Existing frameworks for global health security workforce development
This section explored the key stakeholders and existing frameworks that guides global

health workforce development. Global health workforce development framework is
diverse and uniquely specific to different organizational context. Many organizations have
their unique frameworks that guide their workforce development programs. Twelve

frameworks were identified in the review.



Table 1. Workforce Development Frameworks identified in literature review,2000 — 2021
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Framework

Focus

Key Issues

Gaps

Covidence# Authors

21 Bashkin et al.,
2021

71 Williams et al.,
2020

86 Hung et al.,
2021

140 Kumar et al.,
2020

SEEPHI
workforce
development
framework

IHR/FETP

Health EDRM
workforce

GHSA workforce
development

Enhance the public health
workforce in Israel through
sharing European educational
experience, including
harmonization, employability,
leadership, and outreach

Monitoring and motivation for
field epidemiology workforce
capacity development

Build workforce in risk
management, emergency
management, epidemic
preparedness and response,
community disaster resilience,
and health systems
strengthening

Detect and respond to
domestic and global public
health threats in a timely way

Current and future
professional roles and

functions that comprise the

national public health system
must be identified and
redefined; explicit description
of competencies to identify

potential skills gaps and inform
the development of training

and educational programs

1 trained field epidemiologist
(or equivalent) per 200,000
population; competency-based
in-service training programs

Planning for staff (e.g., surge
capacity for emergency
response including rapid
response team; training for
competency development;

Occupational health and safety

of personnel including
community-level health

workforce; protection of all
workforce

One trained field
epidemiologist per 200,000
population; national

Conceptual model yet
to be implemented
and evaluated

No workforce
development strategy;
lack of explicit mention
of competencies

Acknowledges
significant gaps in
identifying
competencies for
training and education
and the lack of clarity
on strategies for
workforce retention,
motivation,
deployment, and
coordination

Focused on
epidemiologist and
veterinary professions;
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Covidence#  Authors Framework Focus Key Issues Gaps
establishment of field No specified
epidemiology training workforce
programs development strategy
153 Page, S; NCAHS How workforce development The impact of workforce No clear strategy on
Willey, K, 2007 workforce plans can assist sustainable ageing, changes in case mix health workforce
strategic service delivery through and population demographics; enumeration to
framework targeted strategies in staff level guidelines anticipate future
recruitment retention and associated with service demand; Health
retraining enhancements, and changes workforce is primarily
in service delivery models limited to clinical staff
178 Naal 2020 Global health Enhance the capabilities of Increase access to education,
capacity building  individuals, organizations, and training, mentoring, and
communities to work in or continuous professional Vague on strategy for
manage global health-related  development; Expand the education, training
topics with special attention to  diversity and number of health and continuous
LMIC in the MENA region professionals to effectively professional
respond to global health development since no
threats competencies
identified
181 Richmond et Preparedness To improve workforce Showcase a flexible, scalable, Lack training
al., 2014 and Emergency readiness and competence and experienced national curriculum to guide
Response through the development, learning system linking workforce
Learning Centers  delivery, and evaluation of academia with practice; development across
(PERLCs) targeted learning programs enhance individual, different competencies

designed to meet specific
requirements of state, local,
and tribal partners in United
States

organizational, and community
performance through the
application of public health
science and learning
technologies to frontline
practice
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Covidence#  Authors Framework Focus Key Issues Gaps
Enhance health workforce
199 Kerry et al., Global health U.S. government program to through building partnership Colonialist in outlook
2020 service build human resource capacity with health training institutions
partnership for health in sub-Saharan in host countries
African countries
Knowledge, skills, motivation
N/A WHO, 2009 Health systems Monitoring and evaluation of and deployment of health Acknowledges gaps in

strengthening and
human resource
development

human resources for health in
countries

workers; distribution and
production of health workers

monitoring workforce
demand and supply;
biased towards clinical
healthcare staff
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4.4  Key stakeholders identified for Global Health Workforce Development
The main stakeholders identified in Global Health Workforce Development in this study

showed about a third of all publications identified government as the primary stakeholder
(Fig 5). The World Health Organization (19%) and the U.S. Centers for Disease Control
and Prevention (18%) were recognized as key stakeholders in workforce development.
Other stakeholders identified through literature include tertiary institutions (12%),
Regional Health Organizations such as Africa CDC, PAHO, etc. (10%). Although not
much attention was given to these organizations, the world organization for animal health,
OEI and the Food and Agricultural Organizations, FAO were also mentioned among
stakeholders required for global health security workforce development.

Figure 5. Stakeholders Supporting Global Health Workforce Development, 2000 —2021
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4.5 Composition of global health security workforce
This section explored the nuanced outlook on the various cadre of global health

workforce. Articles that specifically focused on workforce development were reviewed to
identify the different professions that constitute health workforce.

4.5.1 Key global health workforce
The main workforce identified as the backbone of global health security in this study

showed public health physicians tallied 15 counts in all publications whereas
epidemiologist and public health nurses tallied 13 respectively (Fig 6). Medical Laboratory
staff tallied 8 in all the publications. Veterinary officers, community health workers,
environmental health officers, informaticians or statisticians were randomly mentioned.
Similarly, a host of other professionals were identified to play some role in ensuring global
health security.

Figure 6: Health Professions Identified as Key for Global Health Security, 2000 — 2021
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4.6 Monitoring global health workforce to anticipate demand
The articles that addressed Global Health workforce demand/enumeration in this study

showed about 24% of all articles included in this study mentioned the importance of global
health workforce demand and enumeration, only a few provided specific guidelines of

workforce enumeration.



Table 2. Literature that aimed at Estimating Health Workforce Demand and Supply
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Obijective(s)

Focus of interest

Specified Enumeration

Covidence#  Authors, year of
publication

1* Beck, A. J., &
Boulton, M. L.
(2012)

46 Watts et al., 2020

86 Hung et al., 2021

Determine the size and
composition of the
workforce and how
workforce can be
monitored and demand
projected

Identify and explore
research which has
defined

and enumerated public
health workforces and
how did researchers
make judgments

about the size of a
workforce

Effectively identify,
mobilize, and manage
all available human
resources with different
levels of skills,
experiences, and
knowledge

Health workforce in United
States

Seven literature sources
identified 11 national public
health workforce estimates

Developing effective health
workforce strategies for
low- and middle-income
countries and high-income
countries

No specific enumeration identified

Both the highest absolute estimate
and estimate per 100,000 persons
was for the United States with a
total workforce of 326,602 (104.2
per 100,000) in 2012; Switzerland
had the second highest workforce
per 100,000 (102.6 per 100,000) in
2013, while Eritrea had the lowest
number of workers per 100,000
was Eritrea [7.3 per 100,000 in
2015)

Identified some cadre but no
specific demand forecast for any
category provided
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Covidence#

Authors, year of
publication

Obijective(s)

Focus of interest

Specified Enumeration

218

Macharia et al.,
2021

Evaluate the
relationship between
geographical changes
in the number of
Frontline FETP
graduates and disease
reporting across the 47
Kenyan counties

Developing a 3-month
Frontline Field
Epidemiology Training
Program that targets local
ministries of health to
strengthen disease
surveillance and reporting
capacities in Kenya

Aside the findings that a total of
456 Frontline FELTP were trained
from 2014 to 2017, that increased
the numbers of epidemiologist by
700%. There was no specific
health workforce demand
forecasted
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4.7  Global health workforce training modalities
Preferred modalities for workforce development or training programs showed a majority

of the articles reviewed (70.3%) did not specify the method for conducting workforce
development or training. (Table 3). For those that did, an overwhelming majority identified
the hybrid approach to training as more preferable in the transfer of skills and
competencies.

Table 3. Preferred Modalities for Health Workforce Development, by Published Articles,
2000 — 2021

Training Modality Frequency Percentage
— In person 2 54
— Online 0 0
- Hybrid 9 24.3

— Not specified 26 70.3
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CHAPTER FIVE
51 Discussion

5.1.1 Publication trends on global health workforce development

The study results show three important timelines in the publications of literature on health
workforce development were; 2006, 2012 -— 2013, and post- 2019. The first year to
record literature on the topic was in 2006. This was immediately after the 2003 SARS
pandemic and at the time that the World Health Assembly met to discuss revising the
existing IHR. After this period, 2012 and 2013 saw a spike in workforce development
literature. These periods coincide with when the world was recovering from the MERS
pandemic, and also during the early stages of the Ebola pandemic in West Africa.
Publications decreased after 2013 until around 2019 when there was renewed interest in
global health workforce development as evidenced by the steady increase in literature

from 2019 till end of this review period.

The observed publication trend on global health workforce development correlated with
major global health events. It is evident that during or after a pandemic, there is global
interest to build the capacity of the health workforce to mitigate the impact of the
pandemic. However, it is obvious that this interest in health workforce wanes after the
pandemic.

5.1.2 Geo-distribution of source literature
There is a near universal global interest in health workforce development. Majority of

source literature came from North America in general and the United States, specifically.
This confirms a similar study by DeVita et al., (2021) in a study that explored literature on
how health providers are prepared for and respond to global emergencies around the

globe. 8 The paper identified the United States as the source for most literature. Although
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that paper found no source literature to emanate from Africa, this systematic review
conversely identified Africa as next to North America in continents with most source

literature on health workforce development.

The United States is the leading investor in health workforce development domestically
and globally. The American Rescue Plan (ARP) devoted $7.66 billion to establishing,
expanding, and sustaining the U.S. public health workforce®. In Fiscal Year (FY) 2021,
the U.S. spent > $9 billion in global health programs, much to advance global health
security and pandemic preparedness through the provision of assistance to better

prevent, detect, and respond to infectious disease threats.

The finding highlighted the increasing contribution of African countries and academia
towards global health workforce. Africa has been a major beneficiary of health workforce
development programs. To complement external support, African governments in the last
decade have increased national and regional financing for health, scientific research and
health workforce capacity building.**-°2Additionally, African universities and academicians
continue to research innovative approach in health systems strengthening and workforce
development.

5.1.3 Key stakeholders and existing frameworks

Building the capacity of health workforce to improve health outcomes to prevent, detect,
and respond to global health threats requires diverse stakeholders working
synergistically.%3°* National governments as the main stakeholder responsible for health
workforce development. This agrees with Lim and Lin (2021) who posit that health
workforce governance is an intrinsic responsibility of government policymaking.®® This

viewpoint acknowledges government as the ultimate stakeholder responsible for overall



43

health workforce policy formulation and implementation. Similarly, the national
government should take the lead in strategies aimed at health workforce development by

engaging and bring all relevant stakeholders to the table.%®

The World Health Organization (WHO) and the U.S. Centers for Disease Control and
Prevention were identified as major stakeholders for workforce development. WHO is the
largest international stakeholder and engages national Ministries of Health (MoH),
Ministries of Finance, policy makers, international organizations, and philanthropic
societies to support health systems strengthening (HSS) in low-and-middle income
countries (LMICs). WHO actively support health workforce development as one of the
core building blocks of the HSS framework. Similarly, the U.S. CDC through the Division
of Global Health Protection (DGHP) supports national public health institutes train the

workforce to prevent, detect, and respond to health threats.®®

Surprisingly, the World Organization for Animal Health (OIE) and the Food and Agriculture
Organizations (FAO) were identified as minor stakeholders. This finding contrasts the
goals of the One Health concept which underscores the relationship between human,
animal, and environmental health. Although there is an inter-connection between human,
animal, and environmental health,®1.°6.97 workforce development programs are usually
skewed in favor of the human health component of the triad®® thus, undermining holistic

workforce development across these important disciplines.

The study also identified some workforce development frameworks and gaps in them
(Table 1). The IHR/FETP and the GHSA workforce development frameworks were
assessed to be non-specific with how to attain their objectives. The Global Health Service

partnership (GHSP), relied on the United States to send physicians and nurses as faculty
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at medical and nursing schools in low-resource countries to increase the quantity and
quality of health graduates. This framework and similar ones aside reinforcing colonialism
in global health, does not provide any guiding principles that underpins their operations.
Specific workforce cadre, competencies and skillsets that need to be developed are not
mentioned.

5.1.4 Composition of global health security workforce

Attainment of the goals of global health security depends on adequately staffed, highly
skilled, and diverse cadre of health professionals. Enumerating the different health
workforce has been a challenge among stakeholders. Although there are over 200 health
professionals, only nine were actively identified and physicians, nurses, and
epidemiologists were identified as the major professions relevant to global health security.
Physicians and nurses were similarly identified as the main health workforce in the HSS
framework 2°, while on the other hand, the Global Health Security Agenda specifically
focused on epidemiologists and laboratory personal as essential to global health

security.®® In general, healthcare workforce typically focus on physicians and nurses.%°

There appear to be bifurcated perspectives on global health security which has not led to
a clear definition for the global health security workforce %°. Although the main agenda of
the Oslo Declaration in 2007 was aimed at building the ‘Capacity for global health
security’, no consensus existed as to what this phrase meant or who constituted the global
health security workforce among government officials.’®* The lack of clarity on who
constitute the health workforce has led to diverse approaches and inconsistencies in
workforce competencies among different stakeholders and undermines workforce

collaboration, capacity building, resource allocation, and accountability.
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5.1.5 Monitoring the global health workforce to anticipate demand
An enumeration system for health workforce is necessary to assess whether workforce is

large and skilled enough to meet health threats.'%? Knowing the composition, size, and
demographic characteristics of health workforce is necessary for to planning, advocacy
for additional resources, and to serve as tool for workforce accountability. Attempts at
monitoring and enumerating workforce has been unsuccessful in most instances. Few
literatures articles attempted to conduct study of health workforce enumeration with the
aim to anticipate future demand!®3-1%  Presently, there is no comprehensive
methodologies to assess the adequacy of the health workforce to respond to health

threats in a given population.?®

The global health workforce is further plagued by an unclear definition of scope in terms
of knowledge, expertise, and practice.'°’ Thus, leading to a corresponding lack of clarity
on the composition of the public health workforce.

5.1.6 Global health workforce training modalities
Public health is dynamic and subject to re(emerging) health threats, social mobility, and

epidemiologic transitions. This requires a workforce to be effectively trained. Different
modalities have been explored or used to train the health workforce acquire specific
competencies or build on existing expertise. Most literature reviewed did not specify a
particular format. Failure to identify an effective format undermines the quality of literature
seeking to advocate for global health workforce development. Among the few articles that
addressed modalities, the overwhelming majority identified the hybrid format; it combines
online (web-based technology) and in person learning methodologies as more effective

at building the competencies of workforce. According to one of the studies reviewed,
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health workforce also preferred hands-on or “learning by doing” approach that makes it
easier for them to gain practical skills and apply expected competencies at their

respective workplaces.%®

In a study conducted in New South Wales for public health professionals to access
preferred modalities for workforce development, participants noted that they liked
receiving training at their worksite. Participant expressed interest in online learning which
gave them the flexibility to engage with learning modules at their own pace. However,
they did not like the technical challenges such as poor sound quality and internet
connectivity associated with online/web training.%® Blended, problem-based learning
might be an effective and efficient way to develop and transfer competencies among
public health professionals in international and interdisciplinary context.'® Barriers to
such an approach must be taken in perspective.

5.2  Conclusion
We identified 37 articles that focused on developing the global health workforce between

2000 and 2021. The aim was to identify different stakeholders and frameworks that
support global health workforce development and the gaps in them. In addition, this study

aimed to assess how health workforce was enumerated to make projections for demand.

Our findings suggested there is universal interest in global health workforce development
particularly during and immediately after major global health events, although this interest
ebbs after the health event. The study showed that there is an increase in workforce

development activities in Africa over the period.

Many studies identified national governments as primary stakeholder for health workforce

development. They concluded that national governments should take the lead in building
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the capacity of health workforce through human and financial investment among other
strategies. The WHO and the U.S. CDC were identified as major international
stakeholders that complement national governments in health workforce development.
Considering the interconnectedness between human, animal, and environment health,
One Health was initiated to collaboration, communicate, and coordinate among them to
prevent, detect, and respond to health threats. However, the study noted that the
organization for animal health (OIE) and the food and agriculture organization (FAO) were

minor stakeholders. This undermined the aims of One Health for global health security.

Our study identified physicians, nurses, epidemiologists, and laboratory personnel as the
main health workforce cadre. However, most studies failed to take current developments
such synthetic biology, artificial intelligence, climate change and their impacts on health
security into consideration. The study identified that due to lack of a clear definition of
global health security workforce, enumeration has been challenging. Identifying global
health workforce was mostly based on the traditional health professional nomenclature,

that led to uneven allocation of resources and workforce development capacities.

While most studies did not specify any modality for conducting training for workforce,
there was a general preference for the hybrid format that incorporated in-person and
online platforms for training. The study identified that combining in-person training
ensures that workforce can get practical experience with developing certain
competencies. Online platforms also allow flexibility for workforce to build on other
competencies that does not require travelling long distances.

5.3  Strengths and Limitations
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This systematic literature review was restricted between Jan 2000 and Dec 2001. The
study may have missed relevant literature published prior to 2000. This potentially missed
literature that could have provided additional information to support or alter the findings
of this study. Again, because of the limitation of language, only literature published in
English were selected for review. Important source not published in English may have
been missed. Finally, the review was conducted by a single researcher whose personal
opinions and beliefs may have biased the selection of articles, analysis and presentation
of findings in this study. To mitigate the impact of these limitations, the study protocol was
rigorously followed. The transparency of the methodology and search strategy enhance
the replicability of this study.

5.4 Recommendations
The following recommendations are made to modernize approaches to global health
workforce development to prevent, detect, and respond to re(emerging) health threats.

Global health security stakeholders (WHA, WHO, GHSA, FAO, OIE) should clearly define
global health security and the professions constituting the global health security
workforce. A clearly defined workforce will ensure that capacity building opportunities,
financial, logistics, and other necessary resources are targeted. Stakeholders should
consider current advances in biotechnology such as synthetic biology, the Do-It-Yourself
(DlY) community, bioterrorism, biosecurity, and biosafety concerns into the holistic review

of global health security and workforce.

Global health stakeholders should ensure sustained efforts at workforce development.
Frameworks for global health security such as the IHR or GHSA that in part addresses
workforce development should be specific with indicators and competencies expected of
the cadre of health workforce. Workforce should be engaged through competency-based
in-service training, retraining, and cross-training using a hybrid modality of in-person and

online.
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Finally, there is the need for additional training in general skills related to leadership and
working in multidisciplinary teams. One Health should be actively pursued to ensure that
health workforce across human, animal and the environmental disciplines can
collaborate, exchange information and best practices towards the prevention, detection

and response to global health threats.
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APPENDIX

PRISMA 2020 Checklist

Location
Stasilel =l Item # Checklist item \_Nhere .
Topic item is
reported

TITLE
Title 1 | Identify the report as a systematic review.
ABSTRACT
Abstract 2 | See the PRISMA 2020 for Abstracts checklist.
INTRODUCTION
Rationale 3 | Describe the rationale for the review in the context of existing knowledge. Pg1l
Objectives 4 | Provide an explicit statement of the objective(s) or question(s) the review Pg 8

addresses.
METHODS
Eligibility 5 | Specify the inclusion and exclusion criteria for the review and how studies were Pg 24
criteria grouped for the syntheses.
Information 6 | Specify all databases, registers, websites, organisations, reference lists and other Pg 23
sources sources searched or consulted to identify studies. Specify the date when each

source was last searched or consulted.
Search 7 | Present the full search strategies for all databases, registers and websites, including | Pg 23
strategy any filters and limits used.
Selection 8 | Specify the methods used to decide whether a study met the inclusion criteria of the | Pg 25
process review, including how many reviewers screened each record and each report

retrieved, whether they worked independently, and if applicable, details of

automation tools used in the process.
Data collection 9 | Specify the methods used to collect data from reports, including how many Pg 25
process reviewers collected data from each report, whether they worked independently, any

processes for obtaining or confirming data from study investigators, and if
applicable, details of automation tools used in the process.

Data items 10a | List and define all outcomes for which data were sought. Specify whether all results
that were compatible with each outcome domain in each study were sought (e.g. for
all measures, time points, analyses), and if not, the methods used to decide which
results to collect.

10b | List and define all other variables for which data were sought (e.g. participant and
intervention characteristics, funding sources). Describe any assumptions made
about any missing or unclear information.

Study risk of 11 | Specify the methods used to assess risk of bias in the included studies, including
bias details of the tool(s) used, how many reviewers assessed each study and whether
assessment they worked independently, and if applicable, details of automation tools used in the
process.
Effect 12 | Specify for each outcome the effect measure(s) (e.qg. risk ratio, mean difference)
measures used in the synthesis or presentation of results.
Synthesis 13a | Describe the processes used to decide which studies were eligible for each Pg 26
methods synthesis (e.g. tabulating the study intervention characteristics and comparing

against the planned groups for each synthesis (item #5)).

13b | Describe any methods required to prepare the data for presentation or synthesis,
such as handling of missing summary statistics, or data conversions.

13c | Describe any methods used to tabulate or visually display results of individual
studies and syntheses.

13d | Describe any methods used to synthesize results and provide a rationale for the
choice(s). If meta-analysis was performed, describe the model(s), method(s) to
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identify the presence and extent of statistical heterogeneity, and software
package(s) used.

13e | Describe any methods used to explore possible causes of heterogeneity among
study results (e.g. subgroup analysis, meta-regression).
13f | Describe any sensitivity analyses conducted to assess robustness of the
synthesized results.
Reporting bias 14 | Describe any methods used to assess risk of bias due to missing results in a
assessment synthesis (arising from reporting biases).
Certainty 15 | Describe any methods used to assess certainty (or confidence) in the body of
assessment evidence for an outcome.
RESULTS
Study 16a | Describe the results of the search and selection process, from the number of records
selection identified in the search to the number of studies included in the review, ideally using
a flow diagram.
16b | Cite studies that might appear to meet the inclusion criteria, but which were
excluded, and explain why they were excluded.
Study 17 | Cite each included study and present its characteristics.
characteristics
Risk of bias in 18 | Present assessments of risk of bias for each included study.
studies
Results of 19 | For all outcomes, present, for each study: (a) summary statistics for each group
individual (where appropriate) and (b) an effect estimate and its precision (e.g.
studies confidence/credible interval), ideally using structured tables or plots.
Results of 20a | For each synthesis, briefly summarise the characteristics and risk of bias among
syntheses contributing studies.
20b | Present results of all statistical syntheses conducted. If meta-analysis was done,
present for each the summary estimate and its precision (e.g.
confidence/credible interval) and measures of statistical heterogeneity. If comparing
groups, describe the direction of the effect.
20c | Present results of all investigations of possible causes of heterogeneity among study
results.
20d | Present results of all sensitivity analyses conducted to assess the robustness of the
synthesized results.
Reporting 21 | Present assessments of risk of bias due to missing results (arising from reporting
biases biases) for each synthesis assessed.
Certainty of 22 | Present assessments of certainty (or confidence) in the body of evidence for each
evidence outcome assessed.
DISCUSSION
Discussion 23a | Provide a general interpretation of the results in the context of other evidence.
23b | Discuss any limitations of the evidence included in the review.
23c | Discuss any limitations of the review processes used.
23d | Discuss implications of the results for practice, policy, and future research.
OTHER
INFORMATION
Registration 24a | Provide registration information for the review, including register name and
and protocol registration number, or state that the review was not registered.
24b | Indicate where the review protocol can be accessed, or state that a protocol was not
prepared.
24c | Describe and explain any amendments to information provided at registration or in
the protocol.
Support 25 | Describe sources of financial or non-financial support for the review, and the role of
the funders or sponsors in the review.
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Competing 26 | Declare any competing interests of review authors.

interests

Availability 27 | Report which of the following are publicly available and where they can be found:

of data, template data collection forms; data extracted from included studies; data used for all
code and analyses; analytic code; any other materials used in the review.

other

materials
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