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Objectives: This study evaluated the response in Daegu, Korea to the first wave of the coronavirus disease 2019 (COVID-19) pandemic
according to a public health emergency response model.

Methods: After an examination of the official data reported by the city of Daegu and the Korea Centers for Disease Control and Pre-
vention, as well as a literature review and advisory meetings, we chose a response model. Daegu’s responses were organized into 4
phases and evaluated by applying the response model.

Results: In phase 1, efforts were made to block further transmission of the virus through preemptive testing of a religious group. In
phase 2, efforts were concentrated on responding to mass infections in high-risk facilities. Phase 3 involved a transition from a high-
intensity social distancing campaign to a citizen participation—-based quarantine system. The evaluation using the response model re-
vealed insufficient systematic preparation for a medical surge. In addition, an incorporated health-related management system and
protection measures for responders were absent. Nevertheless, the city encouraged the participation of private hospitals and devel-
oped a severity classification system. Citizens also played active roles in the pandemic response by practicing social distancing.
Conclusions: This study employed the response model to evaluate the early response in Daegu to the COVID-19 pandemic and re-
vealed areas in need of improvement or maintenance. Based on the study results, creation of a systematic model is necessary to pre-
pare for and respond to future public health emergencies like the COVID-19 pandemic.
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The first patient detected in Daegu was a member of a cer-
tain religious group, and the number of daily confirmed cases
surged among church members [1,2]. Although the initial prob-
lem of hospital bed shortages was resolved by dedicating hos-
pitals and residential treatment centers to COVID-19 cases, mass
infections persisted in convalescent hospitals and psychiatric
hospitals. After the number of daily cases peaked at 741, it de-
creased and then remained in single digits after April 8. Social
distancing, which had begun on February 29, 2020, was eased
temporarily.

After the 2009 H1N1 pandemic and the 2015 Middle East
respiratory syndrome (MERS) outbreak, the Korea Centers for
Disease Control and Prevention (KCDG; currently the Korea Dis-
ease Control and Prevention Agency) attempted to build a re-
sponse strategy for public health emergencies [3,4]. However,
there were no unified guidelines for emergency response until
the first wave of the COVID-19 pandemic in Korea began. During
the early stages of the pandemic, the authorities established a
strategy based on the MERS response guidelines [5]. While re-
peating revisions, operations of residential treatment centers
and drive-through testing were promoted for the first time [6-8].

It is the state’s obligation to prepare for all kinds of commu-
nity health crises [9]. In the United States, the European Union
(EU), and the WHO, models for emergency response had been
built prior to COVID-19 [10-13]. On the basis of the most appro-
priate for the evaluation of Daegu’s response among those
models, we intended to conduct a thorough exploration be-
tween every response process so that a foundation will be pro-
vided for developing a Korean emergency response model.

METHODS

The COVID-19 Situation During the Study Period
The target period of the study was between January 20,
2020, when the nation’s first COVID-19 case was identified,
and the end of April 2020, when the first wave of the pandem-
ic stabilized. The city of Daegu and the KCDC announced daily
counts of COVID-19 cases, deaths, and the number of people
released from self-quarantine [14,15]. We examined both offi-
cial databases to understand the pattern of the pandemic, and
graphically represented the daily and cumulative incidence.

Classification of Responses by Phase
To consider the timeliness of Daegu’s public health emer-
gency response, we classified the target period into 4 phases:
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the preparatory phase and phases 1-3. Agreement was reached
to use the trends in daily and cumulative incidence and major
changes in the city’s response strategies (e.g., the introduction
of residential treatment centers and the conversion of the quar-
antine from city-led to citizen participation—based) as criteria
for classification by phases. The adequacy of the classification
criteria was subsequently reviewed with external specialists.

Our target period was equivalent to stages 1 and 2 of the
KCDC report [16], which organized the domestic situation into
5 stages. Stage 1 in the report was from January 20 to February
17, 2020, when sporadic cases were coming in from abroad.
Stage 2 was from February 18 to May 5, 2020, when the out-
break in a religious group was predominant in Daegu, coincid-
ing with the target period of our study.

Evaluation of Responses According to the
Response Model

We referred to the emergency response models produced
by the WHO, the EU, and the United States [10-13]. Of these,
the Public Health Emergency Preparedness and Response Ca-
pabilities [10], established by the Centers for Disease Control
and Prevention (CDC) in the United States, had more subdivid-
ed definitions for capabilities that we could use to inspect the
city’s response in detail. The CDC model, announced in 2011

Domain Capability

Community resilience Community preparedness
Community recovery

Incident management Emergency operations coordination

Information Emergency public information and warning
management Information sharing
Countermeasures Medical countermeasure dispensing and

and mitigation administration

Medical material management and distribution

Nonpharmaceutical interventions

Respaonder safety and health

Surge management Fatality management

Mass care

Medical surge

Volunteer management

Biosurveillance Public health laboratory testing

Public health surveillance and epidemiological
investigation

Data from Centers for Disease Control and Prevention. Public health emer-
gency preparedness and response capabilities [Internet] [10].
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and updated in 2018, consists of 6 domains and 15 capabilities
(Table 1). Each capability consists of (1) its definition, (2) the
functions critical for accomplishing that capability’s definition,
(3) the tasks necessary to achieve 1 or more functions, and (4)
the resources necessary to perform the tasks [10]. Since Dae-
gu’s response was not based on the CDC response model, it
was decided not to evaluate their response based on the com-
pletion of a function or a task. Taking this practical aspect into
account, we adopted the capability definitions as criteria for
assessing how Daegu reacted to the first wave of the COVID-19
pandemic in Korea. In other words, we investigated whether
the city’s responses fulfilled each of the capability definitions,
as presented in Supplemental Material 1.

The city’s responses to COVID-19 were summarized by col-
lecting the officially announced data and internal data of the
city of Daegu, such as daily records of the COVID-19 response
and meeting notes. The responses were sorted according to
the capability definitions of the CDC model. Next, preventive
medicine specialists who engaged directly in Daegu’s COVID-19
response evaluated whether the city’s response achieved the
capability definitions, followed by a secondary evaluation by
the entire research team. A final review was done during 5 ad-
visory meetings.

Ethics Statement

This study was based on data open to the public. Ethical ap-
proval by an institutional review board and written informed
consent were not required.

RESULTS

COVID-19 Case and Death Counts in Daegu

Figure 1 shows the status of both the daily COVID-19 cases
and the daily number of people released from self-quarantine
between February 18 and April 30, 2020. On February 27, 10
days after the first COVID-19 case was identified in Daegu, the
cumulative number of confirmed cases exceeded 1000. On
February 29, the number of daily confirmed cases peaked at
741. After the number of cumulative cases reached over 5000
on March 7, the number of daily cases was approximately 100,
decreasing to less than 100 on March 11 and remaining in sin-
gle digits after April 8. The number of people released from
self-quarantine steadily increased and became greater than
the number of daily confirmed cases on March 11.

Figure 2 shows the daily death counts and the case fatality
rates. On March 7, approximately 2 weeks after the first COVID-
19 death was identified, the number of confirmed deaths reached
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Figure 1. Numbers of confirmed cases of COVID-19 and people released from self-quarantine in Daegu, Korea between February
18 and April 30, 2020. COVID-19, coronavirus disease 2019. Data from Daegu Metropolitan City. City briefing archive [Internet] [14].
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Figure 2. The daily number of confirmed deaths and the case fatality rate between February 23 and April 30, 2020. Data from

Daegu Metropolitan City. City briefing archive [Internet] [14].

33.The highest number of daily deaths was 7 on March 10, and
the number of cumulative deaths until March 31 was 111. With
1 death to 5 deaths occurring every day in April, the cumulative
deaths by April 30 was 169. The case fatality rate was 2.43%.

Phases Based on COVID-19 Status and the Major
Responses in Daegu

Daegu’s response was divided into the preparation phase
and phases 1-3, according to COVID-19 status and the timing
of the introduction of quarantine policies. Table 2 shows the
major events during the early pandemic in Daegu and the re-
sponses by authorities, as well as the national crisis alert level
corresponding to each phase.

During the preparation phase from January 20, 2020 (when
the nation’s first case was confirmed) until February 16, 2020,
Daegu prepared for the occurrence of cases within the com-
munity. As the crisis alert level was raised to Level 2 (caution)
on January 20, 2020 and again to Level 3 (alert) on January 27,
2020 the city expanded the countermeasure team.

Phase 1, from February 17 (when the city’s first case was de-
tected) until March 1, was the period when the number of
confirmed patients surged in a certain religious group. The city
responded by forming a public-private joint task force, and the
government aided by forming a pan-government support team.

More hospitals were designated for COVID-19 treatment, and
doctors monitored patients waiting to be hospitalized by tele-
phone. As a full-scale investigation of the religious group was
conducted, the increasing demand for tests was handled by
arranging drive-through testing and increasing the number of
screening centers. On February 23, the crisis alert level was
raised to Level 4 (severe), the highest level, as preemptive ac-
tion against nationwide spread of the virus.

Phase 2 ran from March 2 (when residential treatment cen-
ters began to operate) until April 6. The implementation of
designated COVID-19 hospitals and residential treatment cen-
ters allowed for a more stable treatment environment. However,
the response concentrated on fighting the mass infections in
convalescent hospitals and psychiatric hospitals. Although
there were attempts to transfer groups of confirmed patients
out of these facilities, it was difficult to secure beds because of
limited nursing services or the difficulties in managing patients
with mental disorders. This resulted in additional cases. By al-
locating one public official to each hospital and organizing a
joint task force with the designated COVID-19 hospitals, it was
possible to share information on inpatient status and facilitate
patient transfers.

Phase 3 was between April 7 and the end of April. Despite
stabilization of the early pandemic, long-term responses to
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Table 2. Major events and responses by phases according to the COVID-19 pandemic in Daegu, Korea in the first half of 2020

Period Phase No. of cases/ Event Response National
(in 2020) deaths P crisis alert
Jan 20- Preparatory 0/0 Jan 20 Nation’s first case confirmed [Daegu] Caution
Feb 16 phase COVID-19 countermeasure team expanded
Feb 17- Phase 1 2569/15 Feb 17  Daegu's first case occurred [Daegu]
Mar 1 Feb 18 Daegu’s first case officially confirmed Testing for all members of church A
Feb 19  Four university hospital ERs shut down  Drive-through testing facilities introduced
Feb 23 Daegu’s first death confirmed [Government]
Feb 29 741 Daily new confirmed cases reported Public-private joint task force formed
Pan-government support team formed
Daegu designated as a special management zone
Mar 2- Phase 2 4300/115  Mar 4 Apartment B, Hospital C [Daegu]
Apr6 Mar 11 Call center D Residential treatment centers introduced
Mar 16 Convalescent hospital E First meeting of local medical professionals and
Mar 17 Convalescent hospital F organizations held
Mar 18 Convalescent hospital G [Government]
Mar 27  Psychiatric hospital H Full control of medical mask supply taken
Daegu designated as a special disaster zone
High-intensity social distancing extended
Apr 7- Phase 3 64/39 Apr 8 4 Daily new confirmed cases reported  [Daegu]
Apr 30 Apr10 0 Daily new confirmed case reported  Citizen participation quarantine began
Apr30 15 Residential treatment centers closed  [Government]

High-intensity social distancing eased

COVID-19, coronavirus disease 2019; ERs, emergency rooms.

COVID-19 appeared necessary. To relieve the physical and emo-
tional exhaustion caused by prolonged high-intensity social
distancing, the city formed a pan-citizen committee composed
of 200 civic representatives. By holding regular videoconferenc-
es between the city and the committee to review government
proposals, the 7 basic living rules for Daegu residents and quar-
antine rules for 9 areas including the economy, medical care,
and education were established. While the crisis alert level re-
mained at Level 4, the government announced that it would
extend its social distancing rules for 16 days beginning April
20, but would relax some of the rules.

Evaluation of Daegu’s COVID-19 Response
According to the Emergency Response Model

The evaluation of the response to the early pandemic in
Daegu is outlined in Table 3 according to the CDC model capa-
bilities.

First, the fundamental problem of the community prepared-
ness capability (categorized under the community resilience
domain), was that organized preparation for a public health
emergency had not been developed in advance. In Korea, the
Framework Act on the Management of Disasters and Safety,
which stipulates preparation and restoration measures for so-
cial and natural disasters, was enacted in 2004, but was par-
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tially amended every 1-2 years [17]. Whenever a crisis occurred,
the act was supplemented to correct shortcomings [18], lead-
ing the public to feel that the performance of both central and
local governments was not effective [19]. The CDC, after defin-
ing infectious disease outbreaks, biochemical accidents, and
natural disasters as public health emergencies and developing
a response model, encouraged local governments to use the
model in preparation for and response to emergencies [10,20].
The Korean government also needs to establish an integrated
and systematic guideline for local governments and commu-
nities to prepare for and respond to any kind of emergency. In
addition, the community recovery capability within the same
domain should be taken into account while responding to a
crisis, not after the crisis ends. Considering the economic and
psychological impact of repeated emerging infectious diseas-
es such as the HIN1 pandemic, the MERS outbreak, and the
COVID-19 pandemic on the community, true recovery of the
community can be achieved only by accepting a life that exists
with these crises, not expecting or waiting for them to end.
This is in line with the CDC’s definition of community resilience,
which is the process of adapting to a crisis beyond resistance
to it [10]. Furthermore, unlike recovery, which focuses on re-
storing normal conditions [21], resilience means strengthen-
ing the ability of a community to do what it can do during a
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crisis [10]. Thus, when recovery is implemented in terms of re-
silience, communities can continue their activities without
having to wait for a crisis to end. This is especially important in
a continually changing crisis like the COVID-19 pandemic [21].

Second, regarding the emergency operations coordination
capability (under the incident management domain), in the
early stage of an emerging infectious disease like COVID-19
when its characteristics are not fully known [22], governance
must be flexible so that decision-making and rapid coopera-
tion are feasible. Moreover, a single management system linked
to health care and all other public and private sectors must be
developed for emergency response. In Korea, where private
medical services predominate, a close relationship with private
medical institutions is critical, and prior cooperative governance
between the Ministry of Health and Welfare, the Ministry of the
Interior and Safety, the national government, and local gov-
ernments must be established [17]. In Daegu’s response, it was
desirable that public officials and preventive medicine special-
ists, both of whom could make major decisions, shared an of-
fice from the beginning to overcome any physical barriers to
communication and to enable rapid cooperation.

Third, regarding the emergency public information and warn-
ing capability (under the information management domain),
the city held regular briefings for the media and informed citi-
zens of the pandemic status through various channels. Risk
communication is the process of informing the public of an
unexpected crisis, and the person in charge should carefully
deliberate how to alert the public to the crisis. Appropriate
content, format, and timing of risk communication can im-
prove the situation, whereas inappropriate risk communica-
tion may worsen the situation [23]. The CDC suggests 6 princi-
ples of risk communication: be first, be right, be credible, ex-
press empathy, promote action, and show respect [23]. In an
infectious disease crisis like the COVID-19 pandemic, each citi-
zen is not simply an object of crisis management, but rather
an agent for overcoming the crisis who can promote an early
end to the crisis by complying with quarantine rules and trust-
ing in the authorities. Therefore, it is vitally important to pro-
vide accurate information to citizens in a timely manner. Re-
garding the information sharing capability of the same do-
main, information was not shared in real time between the
health and medical resource management systems operated
individually by ministries [24], creating an obstacle to rapidly
responding to the surge in COVID-19 patients. Furthermore,
even though an integrated management system for diseases
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and health care was developed by the KCDC, its operation was
unsystematic and it was inconvenient to use [24]. Recognizing
these problem:s, it is urgently necessary to incorporate man-
agement systems that are spread across ministries or to intro-
duce another, more efficient system that would enable local
governments to share information and identify the status of
health and medical resources as they respond to the public
health emergency.

Fourth, regarding the medical countermeasure dispensing
and administration capability (under the countermeasures
and mitigation domain), the Central Clinical Committee pro-
posed an initial patient classification system. Because this in-
volved checking the vital signs of those waiting for hospital-
ization at home, it could not be applied on-site. Therefore,
with the help of the Daegu Medical Association, a more practi-
cal patient severity classification system was introduced using
the available epidemiological data and the National Health In-
surance Service data on underlying diseases, allowing doctors
to monitor patients by telephone [7,25]. Regarding the medi-
cal material management and distribution capability of the
same domain, medical supplies must be managed and dis-
pensed according to the guidelines once they are supplied.
Next, regarding the non-pharmaceutical interventions capa-
bility, citizens voluntarily engaged in social distancing and, as
a result, helped to control the early COVID-19 pandemic and
prevent a nationwide spread. Regarding the responder safety
and health capability, protection systems were not adequate
for either public officials or medical staff. The safety of re-
sponders must be assured by identifying risks and providing
both physical and psychological protection [26-29].

Fifth, regarding the fatality management capability (under
the surge management domain), the government quickly dis-
tributed guidance for the funerals of those who died with CO-
VID-19 [30]. In Phase 1 of Daegu’s response, deaths occurred in
severely ill patients or patients whose symptoms worsened
while waiting for hospitalization. Delays were due to limited
availability of the negative-pressure rooms being used for con-
firmed cases. In Phase 2, many deaths occurred due to the mass
infections in convalescent hospitals for elderly patients. Daegu
quickly formed a response team based on the government’s
funeral guidelines that had been distributed 6 days after the
city’s first case was confirmed. Regarding the mass care capa-
bility of the same domain, mass infections in convalescent hos-
pitals and psychiatric hospitals resulted in many COVID-19 cas-
es. Public officials were assigned to those hospitals that lacked
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infectious disease specialists and were in charge of overall man-
agement, including the isolation of close contacts and patient
transfers. Next, regarding the medical surge capability, the rap-
id increase in the demand for inpatient treatment was re-
solved with the prompt help of private hospitals. Confronting
a public health emergency like an emerging infectious dis-
ease, a response organization should be able to determine the
level of crisis; predict medical needs; establish plans to secure
additional personnel, facilities, and equipment; and request
necessary support from the private sector [10]. Regarding the
volunteer management capability, there was dissatisfaction
among responders over the volunteers’ wage differences. This
issue impeded the emergency response process and needs to
be improved.

Last, regarding the public health laboratory testing capabili-
ty (under the biosurveillance domain), to meet the increasing
demand for tests in Phase 1, Kyungpook National University
Chilgok Hospital implemented drive-through testing based on
a large-scale screening center model suggested by Kim Jin Yong
at the Incheon Medical Center [8]. Safe and fast tests were per-
formed, reducing contact with others and saving time because
there was no need to leave the vehicle for sample collection [8].
This strengthened testing capabilities, which enabled compre-
hensive surveillance of the high-risk facilities, including the re-
ligious group and convalescent hospitals, and served as a key
component in Daegu’s response. Regarding the public health
surveillance and epidemiological investigation capability of
the same domain, the 2-stage investigation, basic and in-
depth, was challenging due to the rapid increase in confirmed
cases in the early pandemic. The investigation method was
adjusted by introducing phone surveys with simplified forms.
Nonetheless, it was difficult to conduct an accurate investiga-
tion, including determination of close contacts and estimation
of the onset of symptoms, because the personnel performing
the surveys had insufficient pre-training.

DISCUSSION

The present study examined the COVID-19 response in the
city of Daegu, Korea from February to April 2020. Besides the
dedication of medical staff and volunteers, combating the ear-
ly COVID-19 pandemic in Korea was possible because citizens
willingly practiced social distancing, the leadership of the city
preemptively induced public-private cooperation, and the
central and local governments provided assistance. The city of

COVID-19 Response in Daegu

Daegu, together with the central government, established the
world’s first residential treatment centers and drive-through
testing centers, led the revision of guidelines required for an
emergency response, and gained experience in managing
sources of infection within the community. Nevertheless, prep-
aration for the initial surge in cases, proactive control of the
pandemic in high-risk facilities, and the integration of health-
related management systems were insufficient.

To handle public health emergencies, including an emerg-
ing infectious disease outbreak, systematic and well-founded
guidelines are needed. In Korea, a COVID-19 response guide-
line was written and modified, based on the MERS response
guidelines and the white papers written in response to the
HTN1 pandemic and the MERS outbreak [31-33]. Nevertheless,
it was an inadequate response to the initial surge of confirmed
cases and the subsequent pandemic. Referring to international
data on response systems, Lee [34] pointed out that there are
only manuals for departmental duties in Korea, and recom-
mended implementing a response framework based on the
results of monitoring, analysis, risk assessment, and planning
in 13 areas. Shon et al. [35] employed the CDC model to analyze
the achievements and failures of Seoul’s COVID-19 response.
The WHO Regional Office for Europe proposed 20 strategies for
each country to adopt in recovery from the COVID-19 crisis [36].

This study had some limitations in its methods. First, although
we evaluated the COVID-19 response in Daegu using the CDC
model, the response in Daegu was not based on the compo-
nents of the CDC model. Therefore, the validity of the evalua-
tion criteria may be questionable. However, even in the ab-
sence of a Korean public health emergency response model to
serve as a criterion, it was meaningful to attempt an evalua-
tion. Also, despite our efforts to describe in detail the compo-
nents of the CDC model and our evaluation method, we ap-
plied a model composed of qualitative evaluations and objec-
tivity may have been affected. In fact, it is difficult to evaluate
a crisis quantitatively, and most response models, including
the CDC model, contain qualitative evaluations. Building on
the results of this evaluation, consideration must be given to
enabling an objective evaluation while creating an advanced
Korean response model for the next public health emergency.

Grounded in Daegu’s experience and our evaluation, we
would like to suggest that the central government refer to the
following recommendations when developing a Korean re-
sponse model. First, response to a medical surge must be built
on public-private cooperation, rather than the abilities of indi-
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vidual medical institutions. Second, in addition to testing, trac-
ing, and treatment, it is necessary to have an information sys-
tem, a surveillance system, and prepared scenarios fitting each
level of a crisis. Third, to reinforce regional governance, admin-
istration and information sharing at all governance levels (i.e.,
local, regional, and national) are needed. Next, the central
government must construct a response system for recurring
and emerging infectious diseases. At the same time, a para-
digm in which we accept risks that can be taken is required. Fi-
nally, both central and local governments must be ready for
future public health emergencies after COVID-19.

This study examined Korea'’s early COVID-19 pandemic and
the response process in the city of Daegu. From February to
April 2020, the city and the central government had to adapt
to the absence of specific response guidelines for this health
emergency. Based on the results of our study, a solid emer-
gency response model must be established by the time an-
other public health emergency occurs.
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