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Abstract

An accurate assessment of the effectiveness of a health system requires integrative initiatives through its
components to establish a system’s response to different shocks, including health emergencies such as the
COVID-19 pandemic. The focus of this study was to develop a framework for the analysis of the health system
readiness and response capacity during a pandemic outbreak. A review of the conceptual and theoretical
issues in developing a model for health system analysis and assessment was conducted based on the
intersection and interconnectedness of the system components. An integrative modeling framework was
developed by incorporating key theories derived from the system fields of preparedness, service utilization,
and public health in addressing pandemic outbreaks. Three phases of an outbreak emergency have been
identified and linked to integrative response effort from the three disciplines while aiming at achieving
common outcome goals. The framework is designed to guide scholars, health system researchers, and
policymakers in understanding and applying multidisciplinary approaches to develop effective strategies
in response to health emergencies. The distribution of resources in emergencies and in the assessment of
the level of preparation of the system should be among key operational processes that could benefit from
adopting the context of the framework.
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Introduction

The COVID-19 pandemic has brought a new di-
mension of global concern about the effectiveness
of health systems in addressing health crisis and
disease outbreaks. Following the emergence of the
disease toward the end of 2019, the experience of
both low-income and high-income economies has
revealed varying magnitudes of deficiencies in the
continuum of interventional processes along the

pandemic trajectory [1,2].

High-income countries such as the United States
and ltaly have strong health systems that typically
perform at high capacity in different aspects, includ-
ing workforce, equipment, technology and facili-
ties. These systems, however, were put to the ulti-
mate test in the wake of COVID-19 outbreak-policy
makers, practitioners and politicians found them-
selves at crossroads in many instances when public
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health and other measures did not seem to work
adequately in controlling the outbreak [3]. The ef-
fort made by WHO in preparing scorecards on the
rankings of countries based on preparedness for
serious outbreaks is commended and points to the
right direction on the development of sustainable
preparedness at both the national and global levels.
The scorecard, Global Health Security Index [4], for
instance, ranked the United States first among 195
countries in health system capability, among other
things, but the experience gained in the country re-
flected major areas of shortfalls in the response. On
the other hand, for a majority of the low-income
countries in the Southeastern Asia and African re-
gions, for example, the pandemic occurred at the
time when most governments were in the ongo-
ing era of wide-spread strategies for strengthen-
ing their health systems and reducing the burden
of disease. The surge of COVID-19 further exposed
the structural shortfalls in these systems and the
journey the governments involved should be willing
to take to meet the demands of major outbreaks
[5,6]. In essence, the lack of outbreak planning and
preparedness, inadequate public health measures
and poor health service interventions were seen
as major components of system failure in the re-
sponse to the COVID-19 pandemic.

The lack of system preparedness was evident in
most regions of the world as suggested by preva-
lent reports of healthcare infrastructure that were
not prepared to carry out the necessary tasks to
establish the magnitude of the outbreak [7,8]. For
instance, inadequate testing, poor contact tracing
capabilities and delays in critical decisions were
among the early signs of lapses in the systems,
indicative of the lack of preparedness in both
pre- and post-outbreak response. Furthermore,
although many countries were successful in solic-
iting the services of retired and volunteer medical
practitioners, or in some cases, military person-
nel in combating the outbreak, this measure was
largely taken as a post-outbreak effort. It is further
evidence of poor planning, since such effort would
have added a significant value to the fight against
the pandemic, had it been part of the pre-outbreak
strategy.

The varying degrees of the impact of COVID-19
reported from different countries could be attribut-
ed to the unique public health issues faced in each
nation. At the core of public health measures, how-

ever, success in fighting the pandemic would be in
the control of the spread of the coronavirus and
reduction in the number of hospitalizations and
deaths. Any negative outcomes seen in these areas
might reflect inefficiencies ranging from the indi-
vidual to systemic levels, where public health mea-
sures might be unknown, neglected, underestimat-
ed or even politicized to a degree that elevates the
severity of the outbreak [7].

The United States offers an example of how
devastating the impact of an outbreak could be if
public health measures are not fully prioritized or
undertaken. For instance, according to the World
Health Organization (WHO), guidance on the ad-
justment of public health measures in the context
of COVID-19 [9], the United States could be linked
to different stages of failure in each of the four
proposed indicators for risk assessment. The indi-
cators, including epidemiological factors, health
care capacity, public health surveillance capacity,
and availability of pharmaceutical interventions
[10], depicted patterns of suboptimal performance
across communities, states and the overall system.

Although service utilization should occur in all
phases of the pandemic, adequate use of services
that reflect system preparedness and meets public
health needs of the community, has the potential
to promote positive outcomes. As the pandemic
progresses, careful identification of the cases need-
ing specific types and amounts of medical services
is key to the optimal allocation and management of
resources [11]. Based on the nature of the pandem-
ic, this process should prioritize service availability
according to its known or learned vulnerabilities -
primarily, the system should maintain ample distri-
bution of skills and resources to address pandemic
outbreaks.

The different types of system deficiencies iden-
tified in the course of the COVID-19 outbreak con-
tributed to the severity of the pandemic in many
regions of the world. In many instances, the defi-
ciencies have caused potentially preventable out-
comes such as hospitalizations and deaths [12,13].
At the writing of this article, the full magnitude of
these outcomes was yet to be established since the
pandemic was still an active threat in most parts of
the world.

Interdisciplinary scholarly effort can be instru-
mental in generating information forimprovements
of the current and future system approaches in pol-
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icies and practices related to pandemic outbreaks.
The aim of this study is to review methodologi-
cal and conceptual issues in preparedness, public
health and health services research and generate
an integrative framework for research pertaining
to the assessment of system capability in the re-
sponse and management of pandemic outbreaks
[11].

Conceptual Issues

In order to improve preparedness for infectious
diseases, a clear understanding of what needs to
be in place is essential. System capabilities need to
be contextualized at local, regional, organizational,
leadership, as well as system levels. Capability of
the different levels of response means the ability
to effectively identify hazards, characterize the haz-
ard, and develop a response plan to control them
in case of an emergency and ensuring equity in di-
verse populations with respect to prevention and
utilization. In addition, capability is individual, lead-
ership, organizational, and system’s capacity to ef-
fectively identify, characterize hazards pre, during
and post pandemic. By implications, this includes:
1) Preparedness; 2) Healthcare utilization; and 3)
Public health and emergency response [14,15].

Preparedness

Generally, hazard identification and assessment
are intended to recognize and then characterize
potential threat. This capability goes further to
monitor the impact of the threat on the population.
Hazard identification and assessment for potential
infectious disease emergency depends on labora-
tory and surveillance capacities, including contact
tracing and quarantine of infected individuals, and
overall related legal arrangements before emer-
gency event. This process is essential to support
policy development, implementation, designing
prevention strategies, and developing treatment
protocols.

Identifying hazards that are a threat to public
health, from within or outside the national bor-
ders, requires decisions about on potential effects
on individual countries or regional economic blocs.
Effects can be assessed in terms of impact on pub-
lic health (morbidity, mortality, and disability out-
comes), disruption of public health services, and
overall impact on the economy. Furthermore, in in-
fectious disease preparedness, understanding the
pathogen, pathogenesis in the human host, and

the environmental media are essential first steps
to relate to eminence of a pandemic.

In characterizing risk of an infectious disease,
it is essential to identify the pathogen and its ep-
idemiologic characteristics including modes of
transmission, risk of infection, virulence, available
control strategies, and national or regional public
health infrastructure. It is also essential to consider
challenges posed by travelers especially in porous
borders, asymptomatic patients, healthcare work-
ers and emergency responder systems. To be ef-
fective, national disease control agencies need to
provide risk results to policy makers, regional eco-
nomic blocs, and multi-lateral agencies. Variables
in the databases of each of these levels should be
validated at all levels, otherwise characterizing the
hazards will result in underestimating or overesti-
mating the threats to the hazards. Additionally, it is
important to identify appropriate personal protec-
tive equipment (PPE) or personal protective devic-
es (PPD) for healthcare settings and emergency re-
sponse, and to assure sufficient capacity to provide
timely training and dissemination of information to
health professionals at all levels of the system.

Healthcare utilization

Service utilization experiences drawn from the
COVID-19 pandemic as well as findings from pre-
vious investigations that examined the level of
preparedness of the health system in terms of the
critical structural capacity in managing the demand
for health services, strongly suggest further as-
sessment is necessary to learn about the need and
utilization of services in times of pandemic out-
breaks. Although previous studies have attempted
to demonstrate the level of resource availability
[16,17] they do not account for the dynamics of the
need generated in the progression of an outbreak
or how different components of the health system
should feed each other in case of a pandemic emer-
gency. For instance, the established system capac-
ity (e.g., the number of ICU beds, etc.) should not
be regarded as the only determinant for need for
health services during a pandemic outbreak. In-
stead, need should be assessed as a multidimen-
sional construct because of the limited resources
and nature of the pandemic outbreaks.

Healthcare needs occurring during pandemic
outbreaks are diverse and have to be addressed
with responsively planned public health efforts to
mitigate the effects of the pandemic. Because of
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the nature of outbreaks, characterized with rapid
widespread of cases over time and geographical
space, any research on service utilization should
consider the diversity of the needs, unpredictabil-
ity of pandemics and availability of resources in
both pre-pandemic, pandemic and post-outbreak
phases. In different ways, factors of utilization and
phases of the pandemic outbreak introduce import-
ant conceptual issues that would play a critical role
in research related to service utilization occurring
during outbreaks. Even though researchers may
decide to focus on specific aspects of utilization, or
on utilization occurring in one of the phases of an
outbreak to suit their own purposes, it is impera-
tive that there is a body of research that purports
to demonstrate the relevance of service utilization
in the continuum of the pandemic outbreak. This
type of research would be key in the development
of resource utilization plans at different levels as
well as in assessing system readiness and perfor-
mance. Furthermore, it will feed the system with
the current knowledge about services, effective-
ness of services, and need for services related to
pandemic outbreaks.

The need for health care is defined as the amount
of health care that the experts believe a person
should have to remain as healthy as possible, based
on current medical knowledge [18]. Although this
definition serves to describe the basis and antici-
pated outcome of service utilization, it may not be
adequate to express need and ultimately utilization,
i.e., the actual use of services [19], when related
to outbreaks. Several conceptual issues need to be
considered to develop a description that classifies
need and utilization based on the characteristics of
an outbreak. Since it has been demonstrated that
utilization could be assessed based on the type of
service, purpose of service and unit of analysis [19],
itis reasonable to attempt to describe and measure
both need and utilization in the context of pandem-
ic outbreaks to generate the right type information
for preparedness and intervention.

For example, different subpopulations might
manifest vulnerabilities corresponding to the surge
of the pandemic to generate unique patterns of
need and utilization for groups such as children, el-
derly, persons with underlying conditions, etc. Sub-
sequently, the public health system should offer
guidance to determine differentials in vulnerabili-
ty within these groups based on relevant factors,

including geographic location, race, ethnicity, and
socioeconomic background. That is, in agreement
to the suggestion of [20], public health principles
should be incorporated in conceptualizing need
and utilization of services-this approach would be
instrumental in identifying a framework amenable
to examining need and service utilization during
major outbreaks.

In general, service utilization is determined by
the level of evaluated need and health status, the-
oretically, the two constructs are highly correlated.
However due to the unpredictability nature of out-
breaks, need is diversified and utilization may occur
without an established need. In this case, policy in-
terventions should be in place as one of the active
health system components for application in times
of outbreaks to ensure services and resources are
optimally allocated to effectively mitigate the im-
pact of an outbreak.

Considering the complexities brought into the
health system when outbreaks occur, a conceptual
model for service utilization combining elements
of both systems approach and behavioral model
of health service utilization should be integrated in
the framework for research into system response
and readiness for outbreaks. In systems approach,
health system is viewed as consisting of interrelat-
ed components that interact with one another and
with the population they serve [21,22]. Levels of
care, types of practitioners, facilities and all factors
of access to care are different components of the
system that work together for service utilization to
occur for a person or population group. Most ques-
tions about the applicability of this approach lie in
determining the features of a good system and how
to monitor system performance based on its com-
ponents [23]. Systems approach has been used in
different types of service delivery points for specific
conditions, populations or settings. In the context
of pandemic outbreaks, the model should include
policy, preparedness and public health feedback as
key system components for determining need and
use of the services.

According to the behavioral model of health ser-
vices use, also referred to as the Andersen model,
an individual's use of health services is considered
to be a function of three characteristics, namely
predisposing factors, enabling factors and need
factors [19,24,25]. It is a multilevel model which
can be applied in different settings to assess indi-
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vidual and population use of services; additional-
ly, contextual determinants of service use can also
be incorporated in the model to study patterns
of utilization in different populations of interest
[26]. Need factors at the contextual level are of
particular interest in relation to the current study.
A distinction is made between environmental need
characteristics, e.g., those factors reflecting the
health-related conditions of the environment, in-
cluding death rates due to different environmental
causes, and population health characteristics, e.g.,
indices for overall measures of community health,
including epidemiological indicators of mortality,
morbidity, and disability. When applied to utiliza-
tion in outbreak response, the three characteristics
should be essential in the modifications needed to
demonstrate how the model could be extended to
address outbreak-specific contextual features of
utilization. We would expect during the time of an
outbreak that the system would be driven to pro-
mote equity in the distribution of resources when
individuals and populations will exhibit utilization
in close relation to the need generated by the out-
break rather than a person’s or population’s en-
abling power or resources [27].

Public health

Overall, adequately responding to a public
health emergency requires effective management
and a clear demonstration of coordination skills
and control over the response systems.

Since pandemics affect a wider geographic area
and a larger population, it becomes imperative for
broader structures to be implemented to minimize
the impact on communities and populations at
large. The World Health Organization (WHO) rec-
ommends the “whole-of-society” preparedness ap-
proach in ensuring minimal impact on communities
and lives [28]. This approach calls for collaboration
between communities, public and private organiza-
tions in the development or updating of pandem-
ic preparedness plans to reduce the impact [28].
Based on this premise, WHO developed the Readi-
ness Framework which elaborates the interdepen-
dence of communities, public and private sectors in
the management of a pandemic.

Socioeconomic factors influence individuals’
risk for injuries and diseases including the rate of
recovery. Economically disadvantaged individuals
and countries are disproportionately impacted by
diseases and injuries. For example, low socioeco-

nomic status is linked to hospital admission and
longer hospitalization and increased death [29].
Such disparities influence the outcome of the re-
sponse to diseases, especially, infectious diseases
where response time and effort are crucial. Several
studies have examined factors influencing individu-
al and populations’ risk for pandemics and theories
or models that can be used for further explanation.

Blumenshine, Reingold, Mockenhaupt, Brave-
man, Mark [30] extensively examined the possible
disparities underlying an influenza pandemic on
three (3) levels: The likelihood of being exposed
to the influenza virus; likelihood of contracting in-
fluenza; and the likelihood of receiving timely and
effective treatment after contracting influenza.
These researchers concluded that limited health
care infrastructure and disparities in health care
were likely to affect the socially disadvantaged
population disproportionately.

Coordination and communication between na-
tional or regional public health agencies, healthcare
providers, and emergency responders is another
important capability especially regarding medical
transport, preventive and treatment protocols,
and surveillance designs. For example, during the
COVID-19 pandemic, countries around the world
continue to receive guidelines for treatment, med-
ical transport, and pathogen transmission preven-
tion in the population from multilateral agencies
like the World Health Organization (WHQ), and sis-
ter national disease prevention and control agen-
cies such as United States Centers for Disease Con-
trol and Prevention (CDC), European Union-CDC,
and Africa-CDC.

Another capability essential for adequate re-
sponse to a public health emergency is the devel-
opment of communication system between the
national public health systems and emergency re-
sponse, and healthcare centers to ensure coordina-
tion of prevention and treatment efforts. The com-
munication and coordination efforts can be related
to such activities as prescription, medical supplies,
and other logistical matters.

Similarly, capabilities that focuses on communi-
cations on cross-border threats requires informa-
tion sharing and coordination at both regional and
global levels. WHO performs this role during many
pandemics including COVID-19. Immediately fol-
lowing the declaration of the COVID-19 pandemic,
WHO began hosting regular, triweekly news brief-
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ings, which were available in multiple United Na-
tions languages. These briefings are a great source
of information for not only member states, but the
general population. At the national level, prescrip-
tions and use of medical supplies and other logisti-
cal matters distributed by multilateral agencies re-
quires additional capabilities to translate and tailor
to specific national or local needs.

There is also a need for capabilities for real-time
exchange of information, advice, and opinions be-
tween leadership or organizational experts or offi-
cials on one hand, and people who might be chal-
lenged with the threat (hazard) on the other hand.
Such information and advice should be tailored to
address issues related to prevention of community
transmission, their survival, health, and economic
or social well-being. The ultimate purpose of this
group of capabilities is to ensure everyone at risk
is able to make informed decisions for mitigating
the effects of the threat (hazard) and to take pro-
tective and preventive actions. This ability extends
to include the capability to segregate information
to share by different population groups. People re-
ceive messages, process, and act on them different-
ly, which is influenced by individual socioeconomic
and cultural characteristics. These differences may
result in inequalities within population groups and
how they perceive risks and acquire knowledge
during crisis, potentially affecting compliance with
recommended behaviors. It should also include
the capability of the system to use the most ap-
propriate content and trusted channels of commu-
nication across population groups and to identify
strategies to overcome linguistic and other cultural
barriers when needed.

Communicating actual risk of public health
hazards requires clear information on actual risk,
uncertainty, and populations’ risk perceptions in
a timely manner. There is always a concern in an
emergency to respond to public concerns quickly,
even before all facts are known. Information should
be shared without major distortion of the content.
Communicating too quickly can subsequently cre-
ate confusion in the population if the original mes-
sage must be adapted as the facts develop. Trust
on national leadership has been associated with
compliance with recommended behaviors. There is
a need to identify sources of information the public
can trust to educate the public on roles and respon-
sibilities of different agencies involved in the emer-

gency response.
The Theoretical Framework

The varied conceptual issues arising in the as-
sessment of health system readiness in health
emergencies are considered in the stages involved
in developing a modeling framework for analysis.
Each of the three system components included in
the framework, as discussed below, provides and
justifies the necessary building blocks in this pro-
cess. This reflects the importance of integration of
roles in these components for appropriate system
performance and assessment.

Preparedness

Hazard identification and risk assessment are
the basis for a critical and successful pandemic
preparedness. Numerous studies and models de-
signed to predict hazards are getting more precise
in determining when they will occur, the likely se-
verity, and consequences on the population health
and wellbeing including effects on the environment
and the economy. These scientific capabilities ex-
ist in multiple countries around the world. What is
however, not given an equal priority is the search
for new hazards or risks during the pandemic. It is
evident that as a pandemic progresses, individuals
and families adjust their behaviors or manipulate
the environment with the view to minimizing out-
break. The capabilities to implement such changes
are different between individuals due to the dif-
ferences in personal, socioeconomic, and environ-
mental factors. Research has shown that environ-
mental factors contribute a lot to virus behaviors,
persistence, and infectibility. On the other hand,
the individual’s ability to manipulate the environ-
ment is dictated by a myriad of factors including
purchasing power. For example, the lower a per-
son’s socioeconomic status, the more limited their
resources and ability to access essential personal
hygiene facilities, avoiding overcrowding or creat-
ing social distance, or even having underlying con-
ditions such as heart disease, respiratory disease,
and diabetes all of which increase the mortality risk
of COVID-19 [31-33]. Individuals and families living
in poverty have less control over their environment
and few to no alternatives to substandard housing,
transportation, childcare among other essential
needs. These effects are exacerbated for people
of color who are subjected to the consequences of
discrimination and segregation in housing, on top
of affordability challenges. Since these differences
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exist across all organizational levels, from neigh-
borhoods, to counties, states or nations, prepared-
ness research should factor such diversities. To be
more effective, it is essential for the preparedness
assessment, which includes hazard identification,
risk assessment and characterization to be done
throughout the continuum of the pandemic [34].
That is the most reliable approach which can pro-
vide current knowledge about the risks that emerge
from the pandemic.

Generally, a population-based hazard identifica-
tion and risk assessment is a systematic approach
that is intended to identify and then characterize
potential threat that may affect a specific popula-
tion [35,36]. This capacity goes further to monitor
the impact of the threat on the population. Hazard
identification and assessment capability for a po-
tential infectious disease emergency depends on
laboratory and surveillance capacities, including
contact tracing and quarantine of infected individ-
uals, and overall related legal arrangements before
an emergency event. Several countries used les-
sons learnt from the SARS and MERCs pandemics
and developed within system strategies that were
used during COVID-19 response. For example, for
their COVID-19 response strategy, Taiwan used
nurses as contract tracers [37].

Furthermore, it is important to note that the
science and art of preparedness is a continuous
cycle of planning, organizing, training, equipping,
exercising, evaluating, and taking corrective action
in an effort to ensure effective coordination during
incident response. These levels of planning must
be done within the context of different populations
and sub-populations, at the same time in consid-
eration for diversity with respect to location, race,
ethnicity, and socioeconomic status. It is therefore
important to incorporate public health principles
in not only identifying hazards and characteriz-
ing risks, but also identifying response priorities.
In general, therefore, evidence-based prepared-
ness models should be determined by needs and
vulnerability levels, the higher the population and
sub-population needs, the higher the vulnerability
levels, therefore the higher priority for interven-
tion. However, characterizing the public health risk
levels (or priorities) for different population and
sub-population groups requires careful selection of
uncertainty factors. Part of hazard characterization
is to institutionalize policies to cater for, and judi-

ciously allocate resources to meet the demands of
those in dire need.

A preparedness research model should be based
on identifying capacity and capability at system, or-
ganization, leadership, and individual levels; at the
same time identifying hazards in different popula-
tion and sub-population groups within the context
of location, race, ethnicity, and socioeconomic sta-
tus. The logic model does a great job of integrating
these components leading to identifying measur-
able and specific outcome indicators.

Healthcare utilization

Healthcare needs occurring during pandemic
outbreaks are diverse and have to be addressed
with responsively planned public health efforts to
mitigate the effects of the pandemic. Because of
the nature of outbreaks, characterized with rapid
widespread of cases over time and geographical
space, any research on service utilization should
consider the diversity of the needs, the unpredict-
ability nature of pandemics and availability of re-
sources in pre-outbreak, pandemic and post-out-
break phases. In different ways, factors of utiliza-
tion and phases of the pandemic outbreak intro-
duce important conceptual issues that would play a
critical role in research related to service utilization
occurring during outbreaks. Even though research-
ers may decide to focus on specific aspects of uti-
lization, or on utilization occurring in one of the
phases of an outbreak to suit their own purposes,
it is imperative that there is a body of research that
purports to demonstrate the relevance of service
utilization in the continuum of the pandemic out-
break. This type of research would be key in the de-
velopment of resource utilization plans at different
levels as well as in assessing system readiness and
performance. Furthermore, it will feed the system
with the current knowledge about service types,
effectiveness of services, and need for services re-
lated to pandemic outbreaks.

For example, different subpopulations might
manifest vulnerabilities corresponding to the surge
of the pandemic to generate unique patterns of
need and utilization for groups such as children, el-
derly, persons with underlying conditions, etc. Sub-
sequently, the public health system should offer
guidance to determine differentials in vulnerabili-
ty within these groups based on relevant factors,
including geographic location, race, ethnicity, and
socioeconomic background. That is, in agreement
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to the suggestion of [20], public health principles
should be incorporated in conceptualizing need
and utilization of services. This approach would be
instrumental in identifying a model amenable to
examining need and service utilization during ma-
jor outbreaks.

Public health

In general, one’s level of education, race/eth-
nicity, and economic resources underlie one’s sta-
tus in society including access to health care and
other services [38]. Individuals disadvantaged by
lower social economic status or education may not
receive the same services as their counterparts on
the other end of the spectrum. These diverse dif-
ferences in populations and sub-populations, come
with diverse behaviors mandating differences in
approaches to address community and individual
needs.

The Theory of Planned Behavior (TPB) has been
used in several studies to explain diverse behaviors
that individuals have control over. TPB is based on
the concept that individuals’ intention to engage
in a behavior is influenced by their attitude, their
beliefs about what others think, and their percep-
tion of the easiness or difficulty in engaging in the
behavior [39]. Zheng, et al., [40] used the TPB in
the study to examine the willingness to self-iso-
late when facing a pandemic risk. These research-
ers concluded that, perceived behavioral control
(PBC), attitude (ATT) and subjective norm (SN) are
key factors that influence self-isolation (SI). Sim-
ilarly, Myers and Goodwin [41] used components
of the extended TPB to study adults’ intentions to
vaccinate against the swine flu and found that PBC,
ATT and SN were good predictors of intention to
vaccinate.

The Health Belief Model (HBM) has also been
used in studies to predict individuals’ intention and
behavior [41,42]. Developed in the 1950s, HBM
was used to explain health behavior of individu-
als regarding disease prevention, early detection,
and compliance to medication. HBM was later
expanded to help predict the utilization of health
services. The major constructs of the HBM are per-
ceived susceptibility, perceived severity, perceived
benefits and perceived barriers [43]. Perceived
susceptibility is the likelihood or one’s risk of con-
tracting disease or illness; perceived severity is the
individual’s seriousness of contracting the disease
or illness, perceived benefits is the effectiveness

of available actions or resources in preventing the
disease or illness; and perceived barriers refer to
potential impediments to available resources or ac-
tions [41,42].

Researchers have again used various models to
predict and better understand the impact factors in
global pandemic situations. These models include
the Disease Transmission model (DTM) [44]; Global
Epidemic and Mobility model (GLEaM) [45], Sus-
ceptible-Exposed-Infective-Recovered (SEIR) [46],
Susceptible-Infectious-Recovered (SIR) [47].

While these models have been used extensive-
ly over time, most have focused on singular con-
ditions and or factors. The global nature of a pan-
demic requires a more collaborative model that
covers the broader nature of health issues, individ-
ual and population behaviors, their environment,
and resources. The collective functioning of these
areas would ensure the proper management of the
ensuing health threats.

The Framework for Health System Readi-
ness in Pandemic Outbreaks

The integrative framework for the analysis of
health system readiness in pandemic outbreaks is
an attempt to appeal to scholars and policy-makers
on the applicability of consorted effort in outbreak
management. Conceptual and practical issues dis-
cussed in the principles related to the three com-
ponents of the health system, i.e., preparedness,
service utilization and public health point to poten-
tial health system measures that could be taken to
mitigate the impact of outbreaks. It is the premise
of this study that although the system is composed
of these components, their interconnectedness
in the processes of care is not adequately utilized
even when common goals are being pursued. In
the proposed framework, we have identified sets
of common goals that should guide the three sys-
tem components in joining and streamlining efforts
needed to manage the pre-pandemic, pandemic
and post-pandemic phases of outbreaks as shown
in Figure 1 and discussed in detail below.

Preparedness

Pandemic preparedness should be considered as
a cycle of activities with the view to achieving goals
indicated on the framework (B1 through C5), includ-
ing strategies to mitigate the severity of impact of
the outbreak both in terms of population health
effects and the economy. Hazard identification or
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>Figure 1: AFRAMEWORK FOR THE CONTINUUM OF HEALTH SYSTEM PREPAREDNESS AND RESPONSE IN PANDEMIC 0UTBREAKS>
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Figure 1: A Framework for the continuum of health system preparedness and response in pandemic outbreaks.

identification of potential threats to public health is
the first initial step governments and healthcare sys-
tems need to identify and utilize (1.1.1). It involves
such capabilities as assessing laboratory readiness,
improving surveillance systems, and updating poli-
cies to adequate levels to effectively manage the
outbreak in case it occurs. Additionally, understand-
ing the pathogen-environment interactions such
as identifying the type of environments which pro-

mote the growth and infectivity of the pathogen and
promote person to person transmission is essential
(1.1.2). By extension, that implies assessing and un-
derstanding what demographic profiles of the popu-
lation and sub-populations will be more susceptible
to the infection (1.1.3). The public health assess-
ment will also include assessing and understanding
the capabilities of public health infrastructure and
determining the preparedness level.
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During pandemic, the government or health-
care agency’s capability to identify and understand
pathogen behavior is important to design appro-
priate environmental manipulations (2.1.1). For
example, it is the pathogen behavior that helps to
determine if such strategies such as social distanc-
ing, coughing in the elbow, or even improving set
up in clinic, home and public space environments
are warranted to minimize transmission in the pop-
ulation. A related capability is the ability to access
public health readiness for such factors as risk of
infection for those who already have been infect-
ed (or the possibility of creating herd immunity) in
the population (2.1.3). This capability also includes
the ability to assess the potential for re-infection,
identify and prioritize services for the population
and sub-populations that are likely to be severe-
ly affected by the outbreak. Another critical step
during pandemics is to conduct laboratory analy-
sis of cases not just to confirm them and take ap-
propriate steps to isolate and prevent community
transmission, but also, understand the pathogen
better (2.1.1). To be effective, this should go along
side with active surveillance including epidemio-
logic monitoring. The structures and variables in
the surveillance system need to be fairly consistent
across countries or regional economic blocks. At a
minimum, having one system for each of the WHO
regions is critical. What is in fact desirable is to have
a standard surveillance system across all countries.

The post-pandemic phase assessment is aimed
at identifying potentials for future threats (3.1.1).
The hazard identification activities in this phase in-
volves developing strategies to improve laboratory
readiness, integrating epidemiologic and surveil-
lance systems and developing policies based on in-
formation from continuous data collection efforts
in preparation for future outbreaks. As part of the
hazard identification efforts, the strategies assess-
ing capabilities to understand pathogen-environ-
ment interactions especially with respect to poten-
tial for mutation and developing of new strains of
the virus are essential (3.1.2). Models can also be
developed to present different scenarios in recog-
nition for like effects on population and sub-popu-
lations (3.1.3). In addition, model predictions can
be used to improve and maintain public health in-
frastructure.

Community capacities and capabilities have
to be assessed to identify their needs, resources,
threats, and opportunities. This assessment in-

cludes at risk populations, personnel, infrastruc-
ture, equipment, and supplies. Available opportu-
nities within the community in addition to barriers
and threats should also be identified for resolution
(A.1). Surveillance systems have to be developed to
be able to track initial cases to prevent the spread
among the populace (A.3). Leaders should review
existing health policies and revise them or devel-
op new ones (A.2). Finally, training and interven-
tion plans and strategies should be reviewed and
designed (A.4).

The surveillance started in the pre-pandemic
phase continues in the pandemic phase. In addi-
tion, the population should be screened to identify
early onset of cases for treatment. Lessons from
the SARS-COV-2 indicate asymptomatic individuals
spread the virus. ldentified cases must be treated
and monitored to ensure their quick return to nor-
malcy (B.1).

The assessment of resources and capabilities
continues during the pandemic phase. There may
be the reallocation of resources to the most need-
ed places or where more infrastructure is needed
to support the current load (B.2). Developed plans,
interventions and strategies during the pre-pan-
demic phase have to be implemented during the
pandemic phase (B.3).

Continuous surveillance is essential to ensure
new cases are quickly isolated and monitored to
prevent new infections and spread among the
community (C.1). An evaluation of the entire sys-
tem is crucial at this point to assess which of the
strategies worked, those that did not work and the
plans that need to be revised (C.3 & 4). This pre-
vents unnecessary delay and a repeat of the same
mistakes during the next incident. Efforts should be
made to sustain the strategies, policies and plans
that worked in remediating the pandemic. Finally,
the redesign of plans, strategies, interventions and
policies should start to ensure the system’s readi-
ness.

Healthcare utilization

In the pre-pandemic phase, due to the unpre-
dictability of outbreaks (1.2.1) where the nature
of any impending outbreak is unknown, policies,
including how to obtain services and guidelines on
health services provision should be developed and
adopted as part of the system component. The di-
versity of need that could be potentially generated
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by an outbreak (1.2.2), should lead to system ef-
forts in assessing the magnitude of need based on
the projections and estimates of the need at the
time of an outbreak. According to the Andersen
model, need should be the main driver of utiliza-
tion, which implies a broad consideration of the
different dimensions of need in an outbreak should
be done. Another important aspect of utilization
under the pre-pandemic phase of an outbreak is
resource availability (1.2.3). All actions undertaken
to ensure the system as a whole has the capacity to
meet the need, and at the same time prevent mal-
distribution of resources in the system should be
taken during this phase. As these actions are taken
in unison with the system components of prepared-
ness and public health, the pre-pandemic outcome
goals (Al to A4) should be realized and can be as-
sessed at different levels to ensure the system is
adequately prepared for pandemic outbreaks.

During the pandemic, the goals indicated on
the framework (B1 to B3) have to be met for the
system to be able to mitigate the impact of the
outbreak in terms of both number of deaths and
severity of the cases. The policies developed in
pre-pandemic phase will be implemented to allow
the corresponding utilization of health services to
occur (2.2.1). A point of emphasis here is the con-
solidation of effort in the system in understanding
the nature of the outbreak to ensure efficiencies
are attained across the functioning components
of the system- i.e., a systems approach. The actual
need for care is determined by health professionals
based on the assessments made on the effects of
the outbreak (2.2.2). More importantly, this should
be the need evaluated based on the vulnerabilities
associated with the pandemic. This implies, accord-
ing to the Andersen model, the system has to have
the capability of using its different components to
establish need of different population groups for
appropriate care to take place. The diversity of
needs (2.2.2), for instance, in an efficient system,
should have assisted in understanding the need of
the elder population that has been severely impact-
ed by the coronavirus pandemic. Resources devel-
oped and prepared for pandemic outbreaks would
be directed in all the processes of care to facilitate
utilization of health services among those impacted
by the outbreak (2.2.3). Care provided during this
phase of the outbreak should be sensitive to the
need of different groups in the population based on
the assessments made under 2.2.2.

The post-pandemic phase is also an essential
part of service utilization according to the integra-
tive framework. During this period, the outbreak
will be generally under control, but there will be
cases as well as individuals suffering from the re-
sidual effects of the outbreak needing the attention
of the system as indicated under the provisions of
2.2.3. However, service utilization occurring in this
phase of the pandemic should represent the joint
effortin the system components to attain post-pan-
demic goals C1 to C5 as a way of closing the loop in
the system’s effort to address the outbreak. In this
manner, this phase should end with an upgrade of
the system in its pre-pandemic level for any future
outbreaks. Based on the systems approach and the
Andersen behavioral model, actions on service uti-
lization provisions undertaken through stages in-
cluded under 3.2.1, 3.2.2, and 3.2.3 should prompt
the system components to enhance enabling fac-
tors for future efficiencies at all levels of health
service utilization. These measures will address any
barriers thought to hinder care processes during
the pandemic phase and will be key in redesigning
utilization plans and policies (C5).

Public health

As part of the preparation towards a pandem-
ic, the health services system including the com-
munity has to be assessed in terms of available
resources and challenges (1.3.1). This phase will
ensure the identification of priority areas to focus
resources, develop goals and objectives and start
the planning process. Challenges identified will also
be addressed such as equipping personnel with the
needed skills and infrastructure development.

The community and individual behavior and at-
titudinal change process must also be initiated at
this time for disease prevention. This calls for the
activation of infection prevention, health educa-
tion, and awareness programs. To be proactive,
infection surveillance system should be activated
at this time (1.3.2). This will help with the prompt
identification of initial cases, reduce the spread of
the pandemic, manage cases promptly, and there-
by not overwhelm the health care system and oth-
er resources.

Infection prevention strategies should continue
during the pandemic (2.3) to protect those who
have not been affected yet. Besides, infection man-
agement interventions should be fully operational
at this point. Quarantine and isolation procedures
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must be employed together with treatment regi-
men. Screening of the population to identify those
who have contracted the pathogen is essential
during this period. These efforts will reduce the
spread and manage those infected better. Resourc-
es needed to be successful in this regard should be
made available to the communities, treatment cen-
ters and other areas responsible for handling the
pandemic. Continuous assessment of resources
and the entire system is needed during this phase
as any shortage will cause the collapse of the sys-
tem and increase the infection burden. Existing
health policies must be activated, and new ones
enacted at the various levels to support these ef-
forts. Regular assessment of activated plans/inter-
ventions needs to occur for any needed changes to
be made.

Post-pandemic phase (3.3) is where we utilize
the framework to review what worked well, what
did not, and what changes are needed. Evaluation
of the entire system and process has to be complet-
ed to identify successes and mistakes made during
the pre-pandemic and pandemic phases. Training
and retraining of personnel and the public in pre-
vention and management strategies, as well as re-
view and revisions of intervention plans, policies,
and assessment of resources (1.3.3). These activ-
ities will ensure the system is better prepared for
prevention and management of future pandemics.

Discussion

The aim of this study was to review theoreti-
cal and conceptual issues in preparedness, public
health and health services research and generate
an integrative model for research pertaining to the
assessment of system capability in the response
and management of pandemic outbreaks.

The impact of the COVID-19 pandemic has affect-
ed individuals, communities and nations in diverse
ways. In addition to the enormous global morbidity
and mortality burden, economies are struggling to
remain viable. Schools have been closed or running
on-half capacity in most countries, thereby putting
more strain on the already struggling education
systems. While the novelty of the pandemic has
made it difficult for containment strategies to suc-
ceed, the question falls back to the response and
preparedness of communities and nations. Either
the communities and nations were not prepared,
or their preparations and response were inade-
quate to withstand the impact of this pandemic.

An improvement in community preparedness and
readiness is important in the prevention and man-
agement of pandemics.

Our review identified various theories and mod-
els for healthcare utilization, preparedness and
public health, however, none combined these
three areas. These three system components over-
lap in many ways while moving towards the com-
mon goal of outbreak control. System review and
assessment efforts should benefit from the integra-
tion of these components as well.

Secondly, infections have no timelines. Health
system response and preparedness should start
before cases begin to appear. While capabilities
and resources cannot be activated until cases are
recorded, surveillance, intervention, strategic
plans and policies can be developed early on at
the pre-pandemic phase. These will be activated as
soon as the first cases appear.

Most communities and nations’ strategies end
at the pandemic phase. Research has shown that
the post-pandemic phase in preparation is essen-
tial. The evaluation of the entire system helps in
identifying the strengths and weakness of the ca-
pabilities, strategies, interventions, plans and pol-
icies for changes to be made. Since infections do
not vanish overnight, continuous monitoring is re-
quired to protect the population and for systems
improvement. These efforts together will improve
on the preparedness and response capacity of the
system.

The threat and re-emergence of infectious dis-
eases is gradually becoming a global issue. The
last few years have seen new diseases such as the
HIN1 pandemic in 2009; the global response un-
covered the lapses in the health services systems
of many countries and communities. Although the
impact of HIN1 was not the same worldwide, the
World Health Organization (WHO) and countries
became aware of the imminent danger posed by
infectious diseases. It was essential for communi-
ties to be prepared in their response towards next
disease outbreak.

With the emergence of SARS-COV-2’s in late
2019, the spread and global response prompted
researchers to review the methodological and con-
ceptual issues associated with preparedness, public
health and healthcare utilization of communities.
The review was conducted in three areas: Pre-pan-
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demic, pandemic and post-pandemic under the
three broad areas of preparedness, public health
and healthcare utilization. While these three areas
seem separate, the activities under each including
the broad areas are not mutually exclusive (Figure
1) as seen in the outcome goals.

The framework presented in this article identi-
fies what capabilities and capacities are critical at
every stage of the pandemic preparedness and re-
sponse. Moreover, the interconnectedness of the
system components will provide insight into iden-
tifying more goals and activities that are appropri-
ate for individual communities, countries, regions,
or entities. The framework also provides details on
the capacities and capabilities to measure espe-
cially during emergency preparedness exercises,
critical analysis, identification of healthcare needs
and service utilizations, and other public health ap-
proaches both in terms of pandemic preparedness
as well as during response and planning for further
emergency events.

Focusing on common outcome measures and
variables at all the three phases of the pandemic
provide measurements that allows for compari-
sons at state, national and regional levels. It also
provides an understanding of pandemic scenarios
over time. One of the most important reasons for
preparedness and response is to minimize popu-
lation health effects and effects on the economy,
but also, importantly, to learn the pitfalls and work
on them in preparation for future events. The ele-
ments in the framework provide excellent guide to
provide basis for the structure of any form of pan-
demic.

The methodological and conceptual issues in
preparedness, healthcare service utilization, and
public health presented in the framework can also
have program planning applications. Variables in
the framework can be used to develop competen-
cy-based trainings to different health and emergen-
cy response professionals, and at different phases
of the pandemic. Training needs can range from
laboratory capacity and capabilities, epidemiolog-
ic and disease surveillance, assessing healthcare
needs and develop health utilization plansincluding
inventory of resources and projections among oth-
ers. Due to differences in population and sub-pop-
ulation needs at local, state, national, regional lev-
els, public health agencies need approaches that
effectively address the needs of different people,

especially the excluded and the deprived individu-
als and families.

We expect scholars with research focus on the
health system components discussed in the inte-
grative framework in this study, as well as those
interested in closely related fields, will continue
to expand their research to conduct further inves-
tigations to assess the degree of system readiness
prior to outbreaks and other emergencies. The in-
tegrative framework is a guide for future system
researchers who should use its context to deter-
mine the nature and levels of the interconnected-
ness of the system components for their investiga-
tions. This approach has the potential to generate
effective measures for system performance and
improvements in different aspects of care beyond
those related to response to health emergencies.
While the framework presented in this study fo-
cused on three system components, its structure
can be modified to include any number of relevant
components for assessments that can be applied
to different units of analysis such as organizations,
leadership in health care, geographic areas, and in-
dividuals. It can also assess performance patterns
established over time.

While we have attempted to demonstrate how
the integrative framework could be applied in an-
alyzing the health system, we recognize that the
framework is heavily relying on the assumption
that system components can be linked together for
analyses. Although this is a plausible assumption,
there is a possibility for arguments to emerge on
the way it simplifies the linkages. This can be es-
pecially a barrier in the adoption of the framework
when issues surrounding data and resource avail-
ability are considered. Whereas this may be viewed
as one of the limitations of the framework, we ac-
knowledge the thoughts presented here is also
work in progress toward the contribution scholars
can make in developing research ideas and collab-
orations that could contribute to the efficiencies
sought in the health system. The possible modifica-
tions that could be made on the framework in terms
of system components, phases of the outbreak, or
types of health emergencies could be regarded as
measures to address any limitations inherent in the
application of the framework.

In conclusion, our study signifies the crucial im-
portance of promoting collaborative effort in build-
ing an effective health system. We have developed
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a modeling framework that could guide and assist
both scholars and policymakers in assessing the ef-
fectiveness of the health system in situations involv-
ing health emergencies. The toll of the COVID-19
pandemic on the U.S. health system has provided
important lessons on the shortfalls that primar-
ily pointed to the lack of cohesion in the system
components in the management of the outbreak.
It is our anticipation that ideas, concepts, and the
framework developed in this study will receive the
attention of a wide forum of investigators, public
health and health management workforce, and
policy makers. These are among the entities that
should recognize the importance of using the mod-
eling framework on the existing health system ca-
pacities and capabilities to develop more effective
and responsive processes. Such initiatives should
be a priority for projections leading to integrated
strategies for the control and mitigation of out-
breaks and health emergencies.
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