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Aims: The existing response management system for pandemic disease fell short of controlling COVID-19.
This study evaluates the response management relative efficiency of 58 countries in two stages, using
two models. Materials & methods: Data envelopment analysis was applied for efficiency analysis. Results:
89.6% of countries were inefficient in pandemic control and 79% were inefficient in treatment measures.
Sensitivity analysis underlines resources as a critical factor. Further examination points to absence of a
robust and uniform mitigation measure against the pandemic in most countries. Conclusions: Preventing
spread is not only the first line of defense; it is the only line of defense. The lack of a global public health
database support system and uniform response compounded inefficiency. A robust pandemic response
management framework is developed based on practices of key performers. Action plans are proposed,
with a recommendation for a global public health pandemic database monitoring and support system as
the nucleus.
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Background
In a pandemic, gaps develop between the existing protocols, resource availability, needs and infrastructures. It is
of prime importance that systems analyze their pandemic response plans to understand their preparedness and
response and, more importantly, their ability to adopt modifications based on information about the pandemic.
The goals of a successful pandemic management system are to continuously assess needs, identify resources, plan
the response and implement the plan [1]. SARS-CoV-2, the coronavirus responsible for COVID-19, is a labeled
a highly efficient transmitted virus due to its person-to-person transmission even by individuals without apparent
symptoms [2]. The UN Secretary-General called for "immediate health responses required to suppress transmission of
the virus, to end the pandemic and to tackle the many social and economic dimensions of this crisis" [3].

Pandemic response management is essential for decreasing the spread of a virus and its associated morbidity and
mortality. Establishing new protocols and estimating the demand for resources such as physicians, hospital beds,
personal protective equipment (PPE), ventilators, emergency transport vehicles and nurses can help guide decision-
makers’ control of the virus. Different countries have adopted different measures toward COVID-19 but, so
far, previously established standards of pandemic control have fallen short of effectively controlling the disease.
Given the fluidity of the pandemic, a response framework based on efficiency analysis of contagion control and
treatment can give great insights on what to do and when to do it. An important lesson so far is that the timing
and sequence of response measures are imperative in pandemic response. It is important to analyze countries that
have performed relatively well in managing the virus considering the multiple factors involved. This study aims
to evaluate the efficiency of COVID-19 response and treatment, to learn from the best and worst performing
countries and to propose a robust framework that adapts to more severe pandemics like COVID-19. Results of
performance analysis in phases and stages of the virus, with inference on practical measures in a framework based on
successes and failures, will set a new pandemic response standard. Studies such as those of Shirouyehzad et al. and
Breitenbach et al. [4,5] evaluated the technical efficiency of healthcare systems based on COVID-19. However, those
studies are void of measures that were taken in stages to combat the surge in the virus spread. In addition, proper
representation of the negative outputs of the pandemic were not defined. In this regard, the current study models
the negative outputs caused by the pandemic into the efficiency analysis, analyzes different measures by the best
and worst performing countries, and proposes a robust pandemic response framework that can withstand severe
pandemics like COVID-19.

Global overview of COVID-19
About 200 countries around the world have recorded cases of COVID-19, with around 60 million confirmed cases
and 1.4 million deaths globally as of 22 November 2020, according to Johns Hopkins University [6]. The USA,
India, Brazil, France and Russia are the top five ranked with severe cases. Countries are trying to control the
pandemic by learning from previous experiences of similar pandemics with similar genealogy, such as the SARS
outbreak in 2003. However, COVID-19 has a higher transmission rate and has thus resulted in a larger global
outbreak [7]. An analysis of International Health Regulations annual report data from 182 countries showed that
57% of countries are capable of preventing, detecting and controlling a novel infectious disease, with the remaining
43% having a lower capacity for preventing and controlling an outbreak [8]. Nonetheless, countries with perceived
advanced healthcare systems fell short of controlling COVID-19. Financial and technical supports are required for
developing countries whose capacity is insufficient to handle a pandemic [9]. All healthcare resources – physicians,
nurses, hospitals, beds and capacity, ventilators, ambulances, PPE and reliable healthcare product supply chains,
among others – are in short supply globally. Few countries have been able to balance supply given the rapid rise
in demand. Many countries reached maximum capacity in intensive care units. This affects the quality of care
rendered to the population, because patients with mild symptoms are turned back to create space for severe cases.
As countries are coping with the health, economic, financial, political and educational challenges posed by the
pandemic, global relief efforts have increased to support countries that are most hit by the pandemic. The United
Arab Emirates donated about 75 tonnes of medical supplies to different nations, including Iran, Italy, Colombia and
Kazakhstan, to support these global efforts [10]. China also donated health supplies to Italy, Spain and some Latin
American countries [11]. There is a call for international collaboration in research, economic and resource balance
to defeat the pandemic.
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Data & methods
Data description
The process of analyzing COVID-19 pandemic response management is categorized into two stages. Stage 1
considers COVID-19 contagion control efficiency, analyzes countries’ performance in terms of minimizing the
spread of the virus and identifies countries that adopted efficient pandemic control measures. Two inputs and one
output are considered in this stage. Factors that have been described as critical to the spread are utilized. Population
density and COVID-19 confirmed cases are considered as outputs. Population density is the measurement of
population per unit area; it is one of the factors known to influence transmissibility of COVID-19, with a moderate
risk of infection for people working in areas with high population density [12,13]. The average of 13 International
Health Regulations (IHR) core capacity scores is an indicator representing the core capacities that have been
achieved by a country at a given point. These 13 indicators have been identified to have connection to COVID-19
and are integral to the preparedness and vulnerability of countries in relation to COVID-19 [14]. They are: legislation
and financing, IHR coordination and national focal point functions, zoonotic events and the human–animal health
interface, food safety, laboratory, surveillance, human resources, national health emergency framework, health
service provision, risk communication, point of entry, chemical events and radiation emergencies. Stage 1 of the
analysis is further classified into two phases: stage 1A considers the first 3 months after announcement of the
pandemic, and stage 1B examines the subsequent 3 months to see which countries improve or maintain efficient
contagion control and the ways in which they achieve these improvements. It is important to note that the number
of tests conducted was considered for inclusion; however, a lack of data and the known inconsistencies and
unreliability of existing data for most countries led to its exclusion. Nonetheless, the test trends were examined at
later stages of the analysis.

Stage 2 of the analysis evaluates the treatment efficiency and management of the pandemic. The number of
confirmed COVID-19 cases is an important input in this stage, because it represents the pressure exerted on the
healthcare system and constitutes the primary input of the pandemic treatment. Relevant resources, such as number
of ventilators, number of testing and amount of PPE were considered for inclusion; however, due to unavailability of
data, they were discarded as variables. Other relevant resources with available data (number of physicians per 1000
population and number of hospital beds per 1000 population) were utilized. The percentage of the population
with age >65 is an important factor because fatality of the virus is more prevalent in the elderly population
and individuals with preexisting health conditions [15,16]. The number of physicians per 1000 population and
the number of hospitals per 1000 population are important parameters used to evaluate efficiency of healthcare
systems and adequacy of the system capacity [17,18]. This stage uses data from 6 months after the pandemic
announcement. Variables for efficiency evaluation are as follows. Stage 1 (COVID-19 contagion control efficiency):
inputs are population density [19] and average of 13 IHR core capacity scores [20]; outputs are COVID-19 confirmed
cases [20]. Stage 2 (COVID-19 treatment efficiency): inputs are COVID-19 confirmed cases [21], number of
physicians per 1000 population [27], number of hospital beds per 1000 population [19] and percentage of population
with age >65 years [19]; outputs are COVID-19 related deaths [21] and COVID-19 recovered cases [21].

Data envelopment analysis
The variables used to model efficiency of COVID-19 control and treatment, present a complex system. Therefore, a
robust technique that can handle multiple inputs and outputs in addition to negative outputs (e.g., positive COVID-
19 cases and mortality) is required. Data envelopment analysis (DEA) is a performance evaluation technique
capable of handling multiple inputs and outputs [22], with abundant empirical applications in healthcare systems
and strategies [17,23–25]. DEA has been applied to analyze effects and efficiency of pandemics such as HIV/AIDS [26].
The efficiency of schistosomiasis control programs in Jiangsu Province, China was also analyzed using DEA [27].

DEA is a nonparametric method of efficiency evaluation introduced by Charnes et al. [28] under constant return
to scale (CRS) to evaluate efficiency of systems known as decision-making units (DMUs). It was later modified
by Banker et al. [29] with variable return to scale (VRS). Subsequently, various models have been developed,
including direction distance function [30] and target setting model [22]. DMUs are generic, taking the form of
countries, systems or companies that need evaluation with a set of homogeneous parameters. It constructs a best-
practice frontier from the sample observations and measures the radial distance of other observations relative to
the frontier [31]. This study utilizes DEA to evaluate the performance of countries in terms of their COVID-19
pandemic management. The DEA efficiency scores show the performance level of each country relative to other
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countries for the evaluated period. DEA compares the homogeneous units among themselves and accepts the best
observation as the efficient frontier, then other observations are benchmarked against that frontier [17].

Efficient pandemic contagion control requires utilization of resources to minimize the spread of the pandemic, in
addition to new protocol implementation. Furthermore, efficient pandemic treatment practice with the number of
infections and available resources necessitates minimizing the fatality rate and maximizing the number of patients
treated. In this context, the DEA model adequately handles such parameters (desirable and undesirable outputs) and
objectively evaluates efficiency by accounting for the asymmetry between both types of outputs [32] and alleviating
the possibility of biased results due to converting undesirable outputs to their inverse (ratio) [33].

When considering a multiple input and output system [28] the production possibility set (PPS) is defined as:

PPS =

⎧⎨
⎩(X , Y )|

n∑
j=1

X j λ j ≤ X ,

n∑
j=1

Y j λ j ≥ Y,

n∑
j=1

λJ = 1,λ j ≥ 0, j = 1 . . . n

⎫⎬
⎭ ,

where X j = (x1 j , · · · , xmj) and Y j = (y1 j , · · · , ysj) represents the observed m-inputs and s-outputs of j = 1, . . . , n
DMUs. Chambers introduced a directional distance efficiency measure by projecting units (x0, y0) to a preassigned
coordinate g = (−g −

x , g +
y ) �= 0m+s , g −

x ∈ Rm and g +
y ∈ Rs in a direction β [34]. Equation 1 illustrates the linear

program associated to the estimation.

Max
β, λ

β

Subject to

Xλ ≤ x0 − βg −
x

Yλ ≥ y0 + βg +
x

λ ≥ 0

(Eq. 1)

The optimal solution of Equation 1 corresponds to the CRS efficiency β∗
CRS. If β∗

CRS = 0, the unit under evaluation
is technically efficient, whereas β∗

CRS > 0 signifies an inefficient unit. Correspondingly, the VRS model is achieved by
adding

∑n
j=1 λ j = 1 , as shown in Equation 2. The optimal solution of Equation 2 is VRS efficient if β∗

VRS = 0 and
inefficient if β∗

VRS > 0. Consequently, the scale efficiency from the directional model is achieved as follows:
SE = β∗

CRS − β∗
VRS

Max
β, λ

β

Subject to

Xλ ≤ x0 − βg −
x

Yλ ≥ y0 + βg +
x

∑n
j=1 λ j = 1

λ ≥ 0

(Eq. 2)

Along with positive output of a system, undesirable outputs are sometimes observed, such as hazardous waste in
an environmental context or mortality/fatality in healthcare. Most efficiency evaluation models do not account for
the asymmetry between both types of outputs, which leads to erroneous efficiency estimation. Incorporation of the
characteristics of undesirable outputs into DEA efficiency estimation relies on a directional measure that handles
desirable and undesirable outputs differently [32].

The PPS is redefined as follows: the initial output vector of i = 1, 2, . . . , s .y ∈ Rs
++ is divided into desirable

and undesirable y = (y d , y u), with y d ∈ Rq
++ respectively. This is expressed into the following reference PPSCRS =

�(x , y d , y u) | x ≥ xλ, y d ≤ yλ, y u = yλ, y ≥ 0	, designating undesirable outputs as weakly disposable [35]. To
prevent the inconsistencies in the method of [30], the method of [36] is used to define directional efficiency, resulting
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in an increase in desirable outputs and a decrease in undesirable outputs from the same inputs. Therefore the
directional efficiency measure corresponds to the solution of Equation 3.

Max
β, λ

β

Subject to

Xλ ≤ x0

Y dλ ≥ y d
0 + βy d

0

Y uλ ≤ y u
0 − βy u

0

Max
{

y u
i

} ≥ y u
0 − βy u0

0

λ ≥ 0.

(Eq. 3)

The optimal solution of Equation 3 is β∗
CRS, if β∗

CRS = 0, with λ = 1, λ j = 0( j �= 0), the unit under evaluation is
directionally efficient. Otherwise, β∗

CRS > 0 signifies an inefficient unit.
Given the different frontier estimating methods, this application can be difficult to understand for non-experts

on frontier based models. Figure 1 presents a flow diagram illustrating the development and implementation of the
model.

Results
The COVID-19 data of 15 July 2020 were the latest data extracted. Across the period, confirmed cases increased
in all measures. The USA recorded the highest number of confirmed cases in both the first 3 months and the
subsequent 3 months. There was an increase in the average confirmed cases among the countries considered.
China recorded the minimum confirmed cases, with a 97% decrease compared with the preceding 3 months (see
Supplementary Table 1: descriptive statistics).

To ensure a balanced dataset, 58 countries were considered in stage 1 and 57 countries in stage 2. Figure 2 presents
the efficiency scores for contagion control of stage 1A and stage 1B. 89.6% of the countries evaluated were inefficient,
with an average efficiency of 45.6% in stage 1A. The average contagion control efficiency improved to 64.3% with
about 87.9% of the countries still inefficient in stage 1. China and South Korea showed a remarkable improvement,
with 99.7 and 95.2% efficiency improvement respectively, in the second phase of contagion control (Figure 2).
Other significant improvements included Denmark (64%), Switzerland (63.1%), Austria (59%), Japan (57.8%),
Bahrain (52.3%), Portugal (50.7%) and Morocco (54.9%). Australia, Argentina, Afghanistan, Kazakhstan and Peru
were consistently efficient. Countries such as Oman, Guatemala, Mexico, Columbia and Bangladesh performed
worse in stage 1B, with negative efficiency improvements of 15.3, 9.2, 7.7, 3.3 and 2%, respectively. Pakistan,
the USA, Brazil and Chile showed no improvement in the second phase despite their significant inefficiency in the
first phase. Supplementary Table 2 illustrates the numerical contagion efficiency scores.

Figure 3 presents a summary analysis of contagion control efficiency. Changes in efficiency of the most and least
efficient countries are illustrated in Supplementary Figure 1.

The second stage of the analysis looks at countries’ efforts toward treating the virus during the evaluated period.
Consideration of the efficacy and efficiency of the drugs used for treatment is beyond the scope of this study, which
focuses on identifying the countries that have done a relatively good job of minimizing COVID-19-related deaths
and maximizing recovered cases. Figure 4 presents the results of COVID-19 treatment (model 1) and sensitivity
analysis using only COVID-19 confirmed cases as input (model 2). Model 1 indicates that 79% of the countries
considered were inefficient in treating the virus, with an average efficiency score of 62.1%. A robustness check of
the result, performed using sensitivity analysis by considering only confirmed cases as inputs, shows 96.5% of the
countries were inefficient in treating the virus, with an average efficiency score of 51%. Supplementary Table 3
illustrates the numerical treatment efficiency scores.

Discussion
The efficiency analysis of control and treatment of COVID-19 across 58 countries for the first 6 months of the pan-
demic provides insight on response management performance of different countries. Countries like Austria, Bahrain,
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Figure 1. Efficiency evaluation flow diagram.

China, Denmark, Germany, Ghana, Ireland, Italy, Morocco, Qatar, Singapore, Switzerland, Turkey and the United
Arab Emirates showed a consistent efficiency in both treatment efficiency analysis models. The United Kingdom,
Netherlands, Belgium, France, Guatemala and Honduras (among others) were consistently inefficient in both treat-
ment efficiency analysis models. The USA, Brazil, Russia, Pakistan, Bangladesh, India and South Africa showed
above 35% decrease in efficiency in the second model.

Countries that have zero or negative changes in efficiency of contagion control between stage 1A and stage 1B
exhibit an inefficient COVID-19 treatment. Therefore, for most countries, it is important to note that preventing
the spread of the virus is not only the first line of defense; it is the only line of defense. In addition, sensitivity
analysis highlights the significance of resources such as number of physicians and hospitals as critical factors toward
defeating the pandemic. This is supported by the significant drop in efficiency in countries such as Bangladesh,
Brazil, India, Nigeria, Pakistan and South Africa.
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Figure 2. Efficiency of contagion control.

Pandemic response management framework & action plan
The gross inefficiency of COVID-19 contagion control across the 58 countries evaluated in this study is indicative
of the absence of a robust pandemic response management framework capable of controlling a pandemic of such
magnitude. Practices of the best and worst performing countries are examined to propose a robust pandemic
response management framework. Countries with high stage 1A scores and a significant positive difference in
efficiency scores are analyzed (Table 1). Countries with negative and zero difference in stage 1 efficiency scores are
also examined (Table 2). Actions of these key countries were used to develop the pandemic response management
framework illustrated in Figure 5.

Clear, uniform and regular public communication has proved effective in informing the population on the
severity and importance of adhering to new protocols. Furthermore, upscaling vigilance coupled with the proposed
pandemic response management framework could be more effective.

The mandatory lockdowns that have been imposed are not a sustainable approach, due to their economic and
health effects. Step 10 of the framework suggests gradual lifting of restrictions with precautions. The following can
be incorporated as restrictions on traveling and other aspects of human life are lifted:

• The use of infrared thermal imaging scanning;
• The use of QR codes for all international travelers entering a country; the traveler will be asked to scan a QR code

that takes them to an online declaration form containing contact information and determining whether they
have COVID-19 symptoms. In addition, it can be used in hospitals to track confirmed cases [62];
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Figure 4. Efficiency of COVID-19 treatment (models 1 & 2).

• As knowledge and research increases, technology such as artificial intelligence can aid in faster decision-making
and tracking of COVID-19 cases. It can be used in various applications, including:
• Developing advanced diagnostic tests and vaccines;
• Predicting vulnerable regions, people and countries in which measurements should be taken rapidly;
• Providing data on the number of resources needed in certain hospitals, such as number of beds and ventila-

tors [63].

The lack of a global public health database support system compounded the complication and inefficiency of
developing a robust and uniform response to COVID-19. Global collaboration and high-quality data sharing are
needed to fight COVID-19 [64] and any similar pandemic. It is recommended that a global public health pandemic
database monitoring and support system be established and supported by all countries, because a pandemic knows
no border. Figure 6 summarizes an action plan for decision-makers based on the framework and considering the
level of criticality of a pandemic. The action plan includes:

10.2217/fvl-2020-0368 Future Virol. (Epub ahead of print) future science group



Pandemic response management framework based on efficiency of COVID-19 control & treatment Research Article

Table 1. Countries with high stage 1A and significant positive difference in efficiency.
Country Practices in stage 1 phase 1 Practices in stage 1 phase 2 First case

reported†
Testing strategies Ref.

Austria Closure of schools, restaurants
and most businesses
Social distancing
International travel restriction
Mandatory wearing of face
masks

Similar strategy is maintained 25
February; 2
cases

Testing of the following groups should be
prioritized (in decreasing order of
importance):
• Testing of hospitalized patients with SARI
• Testing all people with ARI in long-term
care facilities (or, as a minimum, the first
cases to confirm an outbreak in closed
settings)
• Elderly people and those with underlying
chronic medical conditions (e.g., lung
disease, cancer, heart failure, cerebrovascular
disease, renal disease, liver disease,
hypertension, diabetes and
immunocompromising conditions) who show
signs of acute respiratory illness because they
are in need of immediate support more than
other groups
• Testing of subsets of patients with ARI or ILI
in sentinel outpatient settings

[37–39]

Australia School closure
Social distancing
International travel restriction
Home quarantine

Tracing app
Social distancing
Managing the demand on health
resources
Increased health system capacity
Mandatory quarantine of 14 days for
travelers
Isolation and quarantine for contacts
of confirmed cases
Continuation of border surveillance
Travel restrictions

25 Jan-
uary; 3 cases

COVID-19 test prioritization in certain
settings and institutions:
• Aged care facilities
• Residential care facilities
• Correctional facilities
• Other institutions
• Remote Aboriginal communities
Test sample prioritization category includes:
• ICU inpatients
• ED inpatients
• Ward inpatients
• Healthcare inpatients
• Public health outbreak control workers
• Essential services workers

[38,40,41]

Bahrain Patient isolation and treatment
International travel restriction
Closure of schools, universities
and some businesses
Social distancing
Contact tracing app

Social distancing
Random COVID-19 testing for citizens
and residents.
Mandatory wearing of face masks

24 February;
2 cases

No available information [38,42]

China Mass screening of school-aged
children for febrile illness
Closure of schools, workplaces,
roads and transit systems
Workplace distancing
Cancellation of public gatherings
Mandatory quarantine of
uninfected people without
known exposure to SARS-CoV-2
Social distancing
Isolation and quarantine of
patients with SARS and their
contacts
Lockdown

International travel restriction
Social distancing
Establishing the Joint Prevention and
Control Mechanism

11
January; 41
cases

Mandatory nucleic acid testing for the virus
should cover the key groups, including:
• Close contacts of confirmed COVID-19
patients
• Travelers
• Patients at fever clinics
• Patients to be hospitalized
• Healthcare staff

[38,45–47]

Denmark Closure of schools, universities,
entertainment industries and
other services
Social distancing
Closure of borders
Home quarantine

Similar strategy maintained 27
February; 1
case

[38–40]

Italy Complete lockdown
Strict self-isolation measures

Increase in healthcare system capacity
Training of healthcare employees
Sufficient supply of medical supplies
and PPE
Movement tracing
Social media campaigns
Closure of all nonessential activities

29 Jan-
uary; 2 cases

[38,39,43,44]

†All dates in 2020.
ARI: Acute respiratory illness; ED: Emergency department; EIS: Epidemic Intelligence Service; ICU: Intensive care unit; ILI: Influenza-like illness; PPE: Personal protective equipment; SARI:
Severe acute respiratory illness.
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Table 1. Countries with high stage 1A and significant positive difference in efficiency (cont.).
Country Practices in stage 1 phase 1 Practices in stage 1 phase 2 First case

reported†
Testing strategies Ref.

Japan Partial state of emergency
Wearing of face masks
School closure
Three-pillar plan:
• Identification of early infected
clusters
• Selective PCR testing
• Voluntary stay-home orders
Social distancing

Nationwide emergency
Wearing face masks
Closure of some business

14 Jan-
uary; 1 case

No information [38,47]

Portugal Early imposition of lockdown
Home quarantine
Restrictions on social and
religious gatherings
School closure

Mandatory wearing of face masks
Reopening of some services with new
rules
Maintenance of restrictions on
religious gatherings

2 March; 2
cases

[38,39,48,49]

South Korea Isolation and quarantine for
people who contacted with
confirmed cases
Transformation of public facilities
and retreat centers owned by
private corporations into
temporary isolation wards to
prevent transmission within
households
Expansion of testing capacity
Expansion of the EIS workforce
Social distancing

Self-diagnosis app
Mandatory quarantine of 14 days for
travelers
Operating triage rooms (expanding
tests)

19 Jan-
uary; 1 case

No information [38,50]

Switzerland Closure of borders
Mandatory quarantine of 14 days
for travelers
Restrictions in religious,
entertainment and personal
services centers
Gradual easing of restrictions in
personal services and family
funerals

Contact tracing app for people who
contacted infected cases
Mandatory wearing of face masks in
public transportation and when the
distance is �1.5 m in public places
Reopening the borders
Gradual easing of restrictions in other
services

24 Febru-
ary; 1 case

No information [38,51]

†All dates in 2020.
ARI: Acute respiratory illness; ED: Emergency department; EIS: Epidemic Intelligence Service; ICU: Intensive care unit; ILI: Influenza-like illness; PPE: Personal protective equipment; SARI:
Severe acute respiratory illness.

• Early control: the first initiative is to identify that a pandemic has started. The main goal at this stage is to
minimize the spread;

• Implementation of travel restrictions: one of the early measures for controlling the pandemic is to restrict travel.
This step is necessary to isolate the uninfected regions, as well as limiting the probability of an asymptomatic
person traveling. In addition, other countries will benefit from travel restrictions that slow the global spread of
the pandemic, especially at a stage where it is not contained at its sources [65];

• Implementation of social distancing/mandatory lockdown: social distancing or mandatory lockdown aims at
reducing community spread of the pandemic. In terms of effectiveness, mandatory lockdown is a strict measure
that restricts people from leaving their homes, apart from through necessity and at certain determined times. In
addition, mandatory lockdown enables drastic reductions in social contact [65];

• Randomized testing: randomized testing at the population-wide level will help understanding of the coun-
try’s epidemiological status and of transmission within the population setting, as well as estimation of secondary
attack rates. Randomized testing within random households will help to characterize secondary cases, analyze the
range of clinical presentations and the expected likelihood of infection, and expose asymptomatic infections [66];

• Expansion of the Epidemic Intelligence Service (EIS) workforce: one of the ways a country can measure and
control the spread of the pandemic is through the use of EIS technology. The main goal of EIS is to rapidly
provide guidance when selecting and implementing interventions to prevent the spread of the pandemic when
it arises;
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Table 2. Countries with negative and zero efficiency difference in stage 1.
Countries Practices in stage 1A Practices in stage 1B Ref.

Bangladesh Low number of COVID-19 tests conducted
Mandatory lockdown
Reduced international flights
Imposed thermal scanner checking

Mandatory lockdown
Severe shortage of testing kits
Lack of awareness from the general public
Lack of information on COVID-19 confirmed cases
Low availability of healthcare workforce

[52–54]

Brazil Low number of COVID-19 tests conducted (3462 per 1 million
people)
Urban communities that hinder early implementation of social
distancing

Lack of public awareness (30% of Brazilians aged 15–64 years are
illiterate)

[55]

India International travel restrictions
Mandatory lockdown

Intensive campaign and guidelines for personal hygiene,
surveillance, contact tracing, quarantine, diagnosis, laboratory tests
and management

[56]

Mexico Late response to the pandemic by suspending all nonessential
activities, though with few details on its implementation and
enforcement
Lack of PPE

Minimal testing
Use of poor-quality PPE increased the risk of transmission
High percentage of infected healthcare personnel
Lack of safety provisions in healthcare systems

[57]

Sweden Absence of mandatory mask wearing
Absence of social distancing implementation
Absence of mandatory closure of nonessential businesses
Quarantine implemented only if people showed symptoms
(underestimating the risk of asymptomatic people transmitting the
virus)

Absence of mandatory mask wearing
Absence of social distancing implementation
Absence of mandatory closure of nonessential businesses
International travel restrictions introduced at a late stage;
passengers were not screened or quarantined

[58]

Oman International travel restrictions
Social distancing
Home quarantine
Scaling of diagnostic tests and medical resources

Mandatory lockdown as cases continued to rise
Limited availability of diagnostic tests initially, delays in diagnosis,
limited access to medical treatment in areas highly populated with
labor workers

[59]

United Kingdom PPE shortage
Minimal testing
Track and trace initially implemented but later disregarded
Late implementation of mandatory lockdown
18% of physicians absent due to COVID-19 infection or
quarantining
Delayed social distancing

Expansion of testing capacity
Implementation
Ranked as third lowest in number of hospital beds per 1000
population among 20 countries
Late closure of schools, business and other social activities

[60,61]

USA Delayed response due to test kit shortages
Fewer COVID-19 tests per capita (compared with South Korea,
which announced the first cases on the same day)
Absence of clear co-ordination/uniformity of protocols.
No surveillance testing program to screen for COVID-19 spread in
asymptomatic people.

PPE shortage
Absence of clear co-ordination/uniformity of protocols.

[56,61]

PPE: Personal protective equipment.

• Expansion of testing capacity: another step is to ensure that testing capacities can be expanded in infected regions.
This can provide necessary information to further support decisions on the appropriate timing, response and
type of precautionary measures to be implemented [67];

• Mandatory closure of nonessential businesses: this step includes the closure of nonessential businesses to the
public as well as nonessential on-site business operations;

• Mandatory quarantine of uninfected people: it is essential to encourage the public to limit unnecessary contact
because the safety measures will not help in identifying asymptomatic individuals. It inhibits asymptomatic indi-
viduals from further infecting others, which subsequently impacts the testing policies and strains the healthcare
system due to limited capacity [68];

• Review of the country’s status: before lifting restrictions, the country’s situation and performance should be
evaluated in terms of resources (medical supply, healthcare staff and number of tests). The number of infected
cases and population should be taken into account. Safety measures should be established, and strict mandatory
regulation should be applied to maintain the results gained from the previous stages. Lessons learned from the
rapid action will be considered in taking subsequent steps. The spread of the virus, the preparedness of public
health and curative services to contain all new cases, the ability to minimize the risk of resurgence, and population
awareness are other factors to consider [69].

• Gradual lifting of restrictions with precautions: the three Rs – readiness, responses and resilience/recovery –
represent the systematic approach for lifting lockdowns taken in times of crisis. Readiness consists of coordination

future science group 10.2217/fvl-2020-0368



Research Article Ibrahim, Binofai & Alshamsi

Slows the spread of the
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precautions for returning
to normalcy

Stops inflow of new cases

Slows the spread of the virus

Includes track and trace
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Minimize unnecessary contact

Analyze trend of the country,
identify areas that need
reinforcement, and determine
next course of action

01 International travel restrictions

02 Social distancing implementation/
mandatory lockdown

03 Mandatory wearing of facemasks

04 Randomize testing

05 Expanding workforce for Epidemic
Intelligence Service (EIS)

Pandemic response
management framework

06 Expand testing capacity

07 Mandatory closure of
non-essential business

08 Mandatory quarantine
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09 Review country’s status
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Figure 5. Pandemic response management framework.
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Figure 6. Action plan for decision-makers.

of emergency task forces, training and skills building capacity, and increasing preparedness for health resources
and services. Responses include legislation and laws for managing the reopening at the provincial level; public
engagement and involvement of stakeholders, public awareness and education through effective communication,
and activating the role of the judicial police are essential factors for responsiveness. The last step, resilience
and recovery, involves taking advantage of the existing database by documenting the lessons learned. It includes
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health resilience and surveillance assessments and public policy and priority-setting based on setting criteria for
lifting the lockdown, beginning with vital public sectors such as health and food security and followed by other
sectors in a gradual approach that provides enough time to control the virus after reopening and detecting any
new or suspected cases and their contacts [69].

Conclusion
COVID-19 has made a significant impact on human life. The particular response strategy implemented has an
enormous impact on the outcome for the country. In this study, DEA models were used to estimate the efficiency of
contagion control for 58 countries and treatment efficiency of 57 countries affected by the COVID-19 pandemic.
The results show significant inefficiency in contagion control, hence the large number of confirmed cases and
consequent rise in related deaths. 89.6% of countries were inefficient in the first phase; this figure increases in the
second phase to reach 96.5%. Sensitivity analyses underline the importance of resources in fighting the pandemic,
thus resource augmentation for strategic purposes is recommended.

Further examination of efficient countries shows that mask wearing, social distancing, quick isolation and testing
are key practices for an efficient response. Furthermore, the results of the study are consistent with observational
studies such as that of Khorram-Manesh et al. [70] that emphasize continuous assessment, communication and
complete physical distancing among the initial key strategies. The proposed pandemic response management
framework minimizes the potential for overwhelming spread of the virus and the chances of viral resurgence. The
recommended action plan helps decision-makers to implement the framework at different levels of criticality. It is
evident that collective and spontaneous measures across countries will also minimize the impact of the pandemic.
Therefore establishment of a global public health pandemic monitoring and support system will help to organize a
global effort toward defeating possible future pandemics.

The study has some limitations. The authors acknowledge the absence of data on the number of COVID-19
tests during the evaluated period; the absence/inconsistency in data on COVID-19 testing and the possibility of
repetition within the dataset hindered the use of this indicator as an input variable. However, this limitation does
not affect the credibility of the analysis, because further examination identified countries with reliable data on
testing to have adequate testing capacity. However, a micro-analysis at national level should consider testing as an
input after rigorous statistical checks.

Future perspective
Integration of innovative technology in the early stages of the pandemic was limited. Future studies should analyze
strategic utilization of innovative technologies such as artificial intelligence (AI)/machine learning in the response
system. In addition, future studies can support the proposed framework by integrating AI/machine learning at
stages that require tracking, predicting, and proper screening process. It could also account for the statistical
limitation of repetitive data in indicators such as number of testing or unreported cases.

Executive summary

• The study involves a comprehensive relative efficiency analysis of COVID-19 response management systems based
on contagion control and treatment in 58 countries.

• It includes a comprehensive review of the COVID-19 response management strategies of efficient and inefficient
countries.

• A robust pandemic response management framework is developed to address the shortfall of existing pandemic
response management systems.

• Action plans are proposed with a recommendation for a global public health pandemic database monitoring and
support system as the nucleus.

Supplementary data

To view the supplementary data that accompany this paper please visit the journal website at:

www.futuremedicine.com/doi/suppl/10.2217/fvl-2020-0368
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30. Chung YH, Färe R, Grosskopf S. Productivity and undesirable outputs: a directional distance function approach. J. Environ. Manage.
51(3), 229–240 (1997).

31. Valdmanis VG, Rosko MD, Leleu H, Mukamel DB. Assessing overall, technical, and scale efficiency among home health care agencies.
Health Care Manage. Sci. 2(20), 265–275 (2016).
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66. European Centre for Disease Prevention and Control. Population-wide testing of SARS-CoV-2: country experiences and potential
approaches in the EU/EEA and the United Kingdom (2020).
www.ecdc.europa.eu/en/publications-data/population-wide-testing-sars-cov-2-country-experiences-and-potential-approaches

67. Guest JL, Del Rio C, Sanchez T. The three steps needed to end the COVID-19 pandemic: bold public health leadership, rapid
innovations, and courageous political will. JMIR Public Health Surveill. 6(2), e19043 (2020).

68. Day M. Covid-19: identifying and isolating asymptomatic people helped eliminate virus in Italian village. BMJ 368, m1165 (2020).

69. Alqutob R, Moonesar IA, Tarawneh MR, Al Nsour M, Khader Y. Public health strategies for the gradual lifting of the public sector
lockdown in Jordan and the United Arab Emirates during the COVID-19 crisis. JMIR Public Health Surveill. 6(3), e20478 (2020).

70. Khorram-Manesh A, Carlström E, Hertelendy AJ, Goniewicz K, Casady CB, Burkle FM. Does the prosperity of a country play a role in
COVID-19 outcomes? Disaster Med. Public Health Prep. 1–10 (2020).

10.2217/fvl-2020-0368 Future Virol. (Epub ahead of print) future science group

https://www.readwrite.com/2020/06/11/how-taiwan-used-ai-and-iot-technologies-to-combat-covid-19/
http://www.ecdc.europa.eu/en/publications-data/population-wide-testing-sars-cov-2-country-experiences-and-potential-approaches


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 400
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 400
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'PPG Indesign CS4_5_5.5'] [Based on 'PPG Indesign CS3 PDF Export'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks true
      /BleedOffset [
        8.503940
        8.503940
        8.503940
        8.503940
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions false
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 600
        /LineArtTextResolution 2400
        /PresetName (Pureprint flattener)
        /PresetSelector /UseName
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.835590
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


