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Abstract
Background: In Korea, temporary emergency medical center (EMC) closures are
used to prevent nosocomial transmission of COVID-19, but they can harm the local
emergency medical system. This study aimed to evaluate the occurrence of temporary
EMC closures and the adequacy of isolation zone and screening triage during the
COVID-19 outbreak.
Methods: This retrospective study was conducted in Daegu, Korea from 18 February
2020 to 30 April 2020, in patients who caused temporary EMC closures. The distribution
of EMC closures according to time and isolation zone installation, screening triage by
four criteria (epidemiologic link, fever, respiratory symptoms, unknown pneumonia),
reasons for RT-PCR SARS-CoV-2 tests, and causes of EMC closures was analysed.
Results: There were a total of 26 temporary EMCs closures including eight multi-center
closures. Temporary EMCs closures occurred frequently in the early stages of outbreak.
Temporary EMC closure was made without RT-PCR SARS-CoV-2 confirmation. Before
and after isolation zone installation, there were 24 and two temporary EMC closures,
respectively. Respiratory symptoms were the most common basis for identification at
screening triage centers, and fevers were the symptoms most commonly recognized by
clinicians. Most (88.5%) patients causing closures met one or more of the four criteria
at EMC admission. The most common cause of temporary EMC closures was patient
complaint of prominent symptoms suggestive of another disease regardless of presence
of screening criteria (18 cases, 69.2%).
Conclusions: Isolation zone installation and strictly applying the four criteria
individually in screening triage is useful in reducing temporary EMC closure.

Keywords
Coronavirus disease 2019 (COVID-19); Emergency medicine; Triage; Infection control;
Isolation; Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2); South Korea

1. Introduction

With vaccination, confirmed cases of the severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2) in 2019 (COVID-
19) is rapidly decreasing and stabilizing in countries such as
the United States and Israel. However, in countries where
vaccination is still scarce, large-scale COVID-19 outbreaks are
occurring persistently and recurrently.

As of April 2021, South Korea is undergoing its fourth
COVID-19 outbreak, with 500 to 700 new COVID confirmed
cases per day. The first case of COVID-19 in South Korea was
a patient who returned home fromWuhan, China on 19 January
2020 [1]. The first domestic outbreak occurred in Daegu on 18
February 2020. Daegu, with a population of 2.48 million, is a
city with six emergency medical centers (EMCs) (Two Level I
EMCs and four Level II EMCs) providing emergency medical

services to approximately 200,000 patients [2]. During the first
outbreak, (18 February–30 April 2020) in South Korea, 10,774
confirmed cases and 248 deaths were reported nationwide, and
a total of 6852 (63.6%) and 172 (172/248) deaths occurred in
Daegu [3].

Prior to the first COVID-19 outbreak the Korea Centers
for Disease Control and Prevention (KCDC), prepared early
recognition and pre-emptive isolation of COVID-19 in EMCs
by installing screening triage clinics (STCs) and negative pres-
sure isolation rooms in EMCs. In addition, KCDC established
and distributed screening criteria for early recognition of sus-
pected COVID-19 patients. Suspected COVID-19 patients
were defined as patients who developed symptoms within 14
days of visiting overseas or contacting a confirmed patient, or
who developed symptoms after epidemiological contact with
a domestic COVID-19 outbreak. Symptoms of COVID-19
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patients included respiratory symptoms such as body temper-
ature ≥37.5 ◦C, cough, shortness of breath, sore throat, and
unknown pneumonia [4, 5].
Inappropriate screening triagemay lead to nosocomial trans-

mission through EMC exposure to COVID-19. In 2015, South
Korea experienced 186 infections and 38 deaths due to nosoco-
mial transmission of Middle East respiratory syndrome coro-
navirus (MERS-CoV), from patients who were not recog-
nized early through screening tests [6]. At the time of the
MERS-CoV outbreak, hospitals closed EMCs to stop uncon-
trolled nosocomial transmission of MERS-CoV from EMCs,
and these measures helped prevent the nosocomial transmis-
sion of MERS-CoV [7]. Based on these experiences, hospitals
in South Korea are performing temporary EMC closures to
prevent the spread of SARS-CoV-2 to patients and healthcare
workers in situations where an EMC is exposed to COVID-19.
However, because EMC closure causes sudden loss of essential
emergency resources, it can cause serious disruption to local
emergency medical systems [8]. Therefore, efforts are needed
to make judicious decisions about EMC closures.
To help prevent inappropriate temporary EMC closures in

response to nosocomial transmission of COVID-19, this study
investigated the occurrence and distribution of temporary EMC
closures and evaluated the adequacy of screening triage and
isolation during COVID-19 outbreak.

2. Methods

2.1 Study population and data collection
This retrospective study enrolled patients who caused tempo-
rary EMC closures in Daegu, South Korea from 18 February
2020, to 30 April 2020. EMCs that were partially or unoffi-
cially closed were excluded. The attending physician at each
participating EMC collected the clinical data of the patients
from the medical records including radiology and laboratory
results. For anonymity, personally identifiable numbers were
removed from the collected data, and a new number was
randomly assigned to each hospital-specific number. The
accuracy and anonymity of collected data were re-evaluated
by two researchers. Information on the number of confirmed
COVID-19 patients per day was obtained from the Daegu City
Health Department and KCDC reports.

2.2 Ethics statement
The Institutional Review Board (IRB) at Daegu Catholic Uni-
versity Hospital reviewed and approved the study protocol
(IRB No. CR-20-146). After that, the IRB at each of the
participating hospitals approved the study.

2.3 Definition of temporary EMC closure,
Multi-center closure, STC and Isolation zone
Temporary EMC closure was defined as the complete cessation
of patient entry and exit from an EMC until quarantine and
decontamination were complete. Temporary EMC closure
period was the period from the official EMC closure to the
resumption of patient visits to the EMC. Multi-center closure
was defined as closures of three or more EMCs over the same

period.
An STC was a temporary clinic installed at the entrance of

an EMC with a negative pressure facility. The main roles
of STCs were screening triage, implementation of portable
chest radiography (CXR), and specimen collection for reverse
transcription-polymerase chain reaction (RT-PCR) for SARS-
CoV-2.
An isolation zone was an independent quarantine space

installed inside or outside an EMCwith separate entrances and
exits from the EMC. Until confirmation of RT-PCR SARS-
CoV-2 results, active monitoring, radiologic examination in-
cluding CXR, laboratory examination and medical care in-
cluding oxygen therapy could be administered in the isolation
zone. There were no negative pressure facilities, but inter-bed
distance of 2 m was maintained, and patients and health care
workers (HCWs) wore masks of N94 or higher.

2.4 Outcome measurements
2.4.1 Appropriateness of screening triage
Screenings were performed separately at STCs and at EMCs,
classifying cases into four categories: epidemiologic link,
fever, respiratory symptoms, and unknown pneumonia in
CXR. Epidemiologic link was positive if an overseas visit,
contact with a confirmed COVID-19 patient, or epidemiologic
association with a domestic mass occurrence with COVID-19
was identified. If body temperature (BT), measured by non-
contact method in the STC or EMC, was 37.5 ◦C or higher, it
was defined as fever. Records of cough, sputum, sore throat,
and dyspnea in the STC or EMC were defined as positive
respiratory symptoms. When a pulmonary abnormality
suggesting viral pneumonia was observed on the CXR, it was
defined as unknown pneumonia in CXR. Chest computed
tomography (CT) was used as the diagnostic reference for
unknown pneumonia in CXR. If chest CT was not performed
within 24 hours after CXR, two thoracic radiologists reviewed
the CXRs, independently. In case of disparity a final decision
was made, through consensus, by the two experts. In addition,
we investigated whether the clinician perceived unknown
pneumonia in CXR in an STC or in an EMC. Whether or not
the clinician recognized the unknown pneumonia in CXR was
determined based on the clinician’s STC or EMC record.

2.4.2 Reasons for RT-PCR SARS-CoV-2 test
Confirmation of COVID-19 was made by positive RT-PCR
SARS-CoV-2 results in respiratory specimens of nasal swabs
or sputum (RT PCR kit [KogeneBiotech, Seoul, South Korea]
and Allplex 2019-nCoV Assay [Seegene, Seoul, South Ko-
rea]). The reasons why the RT-PCR SARS-CoV-2 test was
performed in STC or EMC were investigated and classified
based on the clinician’s records, and the RT-PCR SARS-CoV-2
test time and result notification time were investigated.

2.4.3 Causes of temporary EMC closure
The cause of the decision of EMC closure was investigated
by exploring the records of each hospital’s infection control
team. Three emergency medical specialists categorized the
results into categories, independently. If the classification
results were not consistent, it was decided by agreement of



36

FIGURE 1. The distribution and duration of the temporary emergency medical center (EMC) closure in Daegu
according to the number of confirmed coronavirus disease 2019 (COVID-19) patients per day in Daegu. A through F
represent the six EMCs in Daegu. The black line represents the number of confirmed COVID-19 patients per day in Daegu.
The squares on the gray bands of each EMC indicate the occurrence of a temporary EMC closure and the area of the squares
represents the duration. Of these, dark gray squares represent decision of temporary EMC closure after confirmation of reverse
transcription-polymerase chain reaction for severe acute respiratory syndrome coronavirus 2 (RT-PCR for SARS-CoV-2). Black
and white squares represent the temporary EMC closures were made without confirmation of RT-PCR SARS-CoV-2 test. Black
square means that the result of the RT-PCR SARS-CoV-2 test was postive, and the white squares mean that the RT-PCR SARS-
CoV-2 test results were negative. The arrows indicate the dates the isolation zones were installed in each EMC.

three specialists.

2.5 Statistical analysis
In the case of continuous variables, the Shapiro-Wilk test was
used to test for the normality of the data. Non-normally
distributed data were expressed as the median (interquartile
range), and tested with the Mann-Whitney U test. Categorical
variables were expressed as frequency (%), and statistical
significance was confirmed by the Chi-squared test or Fisher’s
exact test. Results were considered statistically significant
when the P-value was less than 0.05. Statistical analyses were
performed using SPSS version 14.0 (SPSS Inc., Chicago, IL,
USA).

3. Results

There was a total of 26 temporary EMC closures in Daegu
between 18 February and 30 April. The first temporary EMC
closure occurred when the first COVID-19 patient was con-
firmed in Daegu. The total period of this temporary closure
was 16.4 days. There was a total of eight multi-center closures
lasting for 14.2 days. Each EMC was temporarily closed for
five days (range, two–six days). The average age of 26 patients
who caused temporary EMCs closures was 62.4 years (range,
57–68 years) and 13 (50%) males. Nine patients (34.6%) died.
Fig. 1 shows the distribution and duration of temporary

EMC closures in Daegu, and the number of COVID-19 cases.
In the initial 17 days of the outbreak, 22 cases (84.6%) of
temporary EMCclosure and eight cases (100%) ofmulti-center
closure occurred. Of the 26 temporary EMC closures, five
(19.2%) were made without confirmation via RT-PCR SARS-
CoV-2 test, and four of these cases (80%) were later confirmed
negative by RT-PCR SARS-CoV-2 results.

An isolation zone was installed after an average of 3.7
temporary EMC closures. The first isolation zonewas installed
on 26 February. There were 24 and two temporary EMCs
closures, respectively, before and after the installation of an
isolation zone. The occurrence of temporary EMC closures
in EMCs which installed isolation zones was significantly
reduced (P < 0.01).
Screening triage results for suspected COVID-19 patients

are shown in Table 1. There was no significant difference
between STC and EMC in identifying three screening criteria
(fever, P = 0.53; respiratory symptoms, P = 0.77; pulmonary
abnormality in CXR, P = 0.34). Of the 26 cases, five (19.2%)
were confirmed to have epidemiologic links, but none of them
were recognized at an STC, while five cases of epidemiologic
links were identified after positive RT-PCR SARS-CoV-2 re-
sults at the EMCs (P = 0.03). All of these were directly or
indirectly associated with a certain religious cluster. Since
March 2nd, no epidemiological relationship has been identified
for a patient’s COVID-19. A total of 20 patients (76.9%) were
identified with fever, 11 (42.3% of total) were identified in
an STC. The median BT measured at STC was 37.1 (range,
36.6–37.8). A total of 24 patients (92.3%) had respiratory
symptoms. Respiratory symptoms of 17 patients (65.4%) were
identified at STCs. The other nine patients were as follows;
two had flank pain, two had diarrhea, two had hip pain with
fractures, one had neck pain, one had a loss of consciousness,
and one had hyperglycemia. Of these, in seven patients,
respiratory symptoms were identified during treatment in the
EMC. CXR was performed in the STCs and EMCs on five
and 21 patients, respectively. Of the 26 patients, 14 (53.8%)
had chest CTs. In CXR, pulmonary abnormalities suggesting
viral pneumonia were found in a total of 18 patients (69.2%),
three out of five patients (60%) at an STC and 15 out of 21
patients (71.4%) at an EMC. Clinicians were able to detect
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TABLE 1. Results of screening and triage according to screening criteria.
Total (n, %) Screening triage clinic (n, %) Emergency medical center (n, %) P

Epidemiologic links 5 (19.2) 0 (0/26, 0) 5 (5/26, 19.2) 0.03
Fevera 20 (76.9) 11 (11/26, 42.3) 9 (9/15, 60.0) 0.53
Respiratory symptoms 24 (92.3) 17 (17/26, 65.4) 7 (7/9, 77.7) 0.77
Pulmonary abnormality in CXR 4 (15.4) 0 (0/5, 0) 4 (4/21, 19.0) 0.34
CXR, chest radiography.
aFever, body temperature >37.5 ◦C.

four cases (22.2%) of 18 CXRs with pulmonary abnormalities
(zero out of three at STCs and four out of 15 at EMCs (26.7%).
For pulmonary abnormalities, ground-glass opacity (GGO)
and consolidation (multifocal or patchy) were observed in 13
(72.2%) and five (27.8%) patients, respectively. Bilateral
lesions were observed in 11(61.1%) of the 18 patients with
pulmonary abnormalities.
Table 2 shows the distribution of the number of screening

criteria identified in patients who caused temporary EMCs
closures. Of the 26 patients, 23 (88.5%) met at least one
of the four screening criteria in the STC, however, none met
all four screening criteria. Three patients (11.5%) did not
meet any of the four screening criterion. Six patients (23.1%)
met three screening criteria, 11 patients (42.3%) met two
screening criteria, while six patients (23.1%) met only one
criterion. All 26 patients met at least one of the four screening
criteria when the additionally identified cases in the EMCs
were included. Among these there were three patients (11.5%)
meeting all four criteria, 12 patients (46.2%) meeting three
criteria, six patients (23.1%) meeting two criteria, and five
patients (19.2%) meeting one criterion.
The RT-PCR SARS-CoV-2 test took an average of 366

minutes to perform after arrival at the STC. After the RT-PCR
SARS-CoV-2 test, it took an average of 14.7 hours to check
the results (external laboratory, 20.2 hours; internal laboratory,
7.9 hours). Nine patients (34.6%) underwent RT-PCR testing
in STCs and 17 patients (65.4%) underwent RT-PCR testing in
EMCs. Table 3 shows the reasons for RT-PCR SARS-CoV-2
tests at the STCs and EMCs. In both the STC and EMC groups,
fever was the most common reason for RT-PCR SARS-CoV-2
testing (P = 0.003).
The causes of temporary EMC closures are shown in Ta-

ble 4. The most common cause of temporary EMC clo-
sures was when a patient complained of prominent symptoms
suggestive of another disease (18 cases (69.2%), P = 0.03).
Six cases (23.1%) of temporary EMC closure were due to
lack of space to treat an exacerbated condition in suspected
COVID-19 patients. The lack of an isolation room and false-
negative COVID-19 tests conducted by other hospitals were
investigated as one cause of temporary EMC closure each.

4. Discussion

Crowding, a chronic problem in the emergency department
(ED), is one of the causes of ED closures [9]. In the COVID-
19 outbreak, hospitals in South Korea used temporary EMC
closure to prevent the spread of the virus, as in the MERS ex-

perience in 2015 [7], and temporary EMC closure is considered
to have effectively controlled the nosocomial transmission of
COVID-19 [10, 11].
However, EMC closures can have a poor outcome for pa-

tients with time-sensitive illnesses, such as acute myocardial
infarction [12]. During this COVID-19 outbreak, there is a
report that the duration of ED stay in emergency patients was
prolonged and the number of severely ill patients increased
in EMC closures [10]. In addition, EMC closure can lead to
reduced regional emergency medical resources and the result-
ing crowding and overburden of nearby EMCs [9]. This can
lead to multi-center closure in the region, making the situation
even worse regionally. In the COVID-19 outbreak, temporary
EMC closures were significantly associated with increased
community hospital mortality and ICU hospitalization rates,
and extended ED stays [8]. Therefore, the decision to tem-
porarily EMC close must be made carefully.
Accurate screening triage can be the key factor in reducing

EMC closure. In the early stages of a highly contagious virus
outbreak, identifying the patient’s epidemiologic links is one
of the most important roles of the STCs. In KDCD guide-
lines, epidemiologic link is a must-have screening criterion
for recognizing suspected COVID-19 patients. However, this
study showed epidemiologic links were difficult to identify in
STC. When epidemiologic links are related to privacy issues,
identification becomes difficult. The spread of COVID-19 in
Daegu was closely related to heretical religious groups that are
reluctant to reveal their affiliation [13]. Even if there are no
epidemiological links, COVID-19 should not be ruled out.
Body temperature ≥37.8 ◦C (56.4%–63.3%) and cough

(52.7%–59.2%) were the most frequently presenting symp-
toms in hospitalized COVID-19 patients [14, 15]. Consistent
with these results, this study showed that in patients that caused
temporary EMC closures, respiratory symptoms (65.4%) and
fever (42.3%)were themost common symptoms found in STC.
Respiratory symptoms are an important clue to COVID-19
because it primarily affects the respiratory system [16, 17]. In
agreement with these findings, in the present study, 92.3% of
the patients presented with respiratory symptoms. However,
clinicians at STC did not consider respiratory symptoms an
important reason for RT-PCR SARS-CoV-2 tests and focused
on patients’ main symptoms. This is supported by the fact
that respiratory symptoms account for only 11.5% of reasons
for a RT-PCR SARS-CoV-2 test and 34.6% patients causing
temporary EMC closures had main symptoms unrelated to
respiratory symptoms. Evaluating patients based on the main
symptoms is common in EDs, but in the COVID-19 outbreak,
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TABLE 2. Number of screening criteria identified in patients who caused temporary emergency medical center
closures.

Number of screening criteria Total (n, %) Screening triage clinic (n, %)
4 3 (11.5) 0 (0)
3 12 (46.2) 6 (23.1)
2 6 (23.1) 11 (42.3)
1 5 (19.2) 6 (23.1)
0 0 (0) 3 (11.5)

TABLE 3. Reasons for RT-PCR SARS-CoV-2 tests of patients causing the temporary emergency medical center
closures.

Reasons for RT-PCR tests Total (n = 26) Screening triage clinic (n = 9) Emergency medical center (n = 17) P
Fevera 17 (65.4) 4 (44.5) 13 (76.5)

0.003
Respiratory symptoms 3 (11.5) 3 (33.3) 0 (0)
Screening purpose 2 (7.7) 2 (22.2) 0 (0)
Pulmonary abnormality in CXR 4 (15.4) 0 (0) 4 (23.5)
RT-PCR, real-time reverse transcriptase-polymerase chain reaction; SARS-CoV-2, severe acute respiratory syndrome
coronavirus 2; CXR, chest radiography.
aFever, body temperature >37.5◦C.

TABLE 4. Causes of COVID-19 patients entering the EMCs without RT-PCR SARS-CoV-2 result.
Causes of COVID-19 patients entering the EMCs Total (n = 26)
No suspicion and mistaken for other diseases 18
Lack of space to treat an exacerbated condition 6
Lack of isolation rooms 1
Negative COVID-19 test conducted by another hospital 1
COVID-19, coronavirus disease 2019; RT-PCR, real-time reverse transcriptase-
polymerase chain reaction; SARS-CoV-2, severe acute respiratory syndrome
coronavirus 2; EMCs, emergency medical centers.

the clinician should carefully monitor the accompanying respi-
ratory symptoms separately from the patient’s main symptoms.
The present study showed that fever was the most common
reason for performing RT-PCRSARS-CoV-2 tests for COVID-
19 confirmation. Fever was considered by clinicians the most
accessible and reliable criterion among the screening criteria,
because body temperature can be easily measured and the
result is an objective value. In an early study of COVID-19
pandemic, there are reports that a fever was found in 94% of
patients at hospitalization [16, 17]. However, in this study, a
total of 23.1% of the patients had no fever, despite a positive
RT-PCR result. Similarly, in the 2019 Case Surveillance in the
United States, only 43.1% of COVID-19-positive patients had
a fever of 38 ◦C or higher at admission [18]. These results
suggest that the absence of fever does not rule out COVID-19.

To confirm COVID-19 pneumonia, the KCDC
recommended the use of CXR at the STCs. CXR is the
basic imaging modality for identifying pneumonia. Because
CXR equipment is portable, it is unlikely that the virus will
spread into hospitals due to testing [19]. Therefore, CXR
may be suitable as an initial imaging modality for COVID-19
pneumonia in STCs [20]. However, a consideration for
CXR is its low sensitivity to COVID-19 pneumonia. The

sensitivity of CXR for COVID-19 pneumonia was reported
to be 69% to 75%, and because of the low sensitivity, several
studies have even suggested that CXR should not be the
primary imaging modality for COVID-19 [21, 22]. Chest CT
is a useful diagnostic modality for COVID-19 pneumonia
[23, 24]. In a study of patients hospitalized with COVID-19,
chest CT scans improved the identification of pneumonia
from 30.9%–34.7% to 65.3–69.1% [14, 15]. GGO lesions, the
most common finding of CXR in COVID-19, are not clearly
identified, making it difficult for clinicians to detect them in
CXR. In this study, clinicians identified only 22.2% of CXR
with COVID-19 pneumonia. Therefore, active application of
chest CT can be useful for early identification of COVID-19
pneumonia. There were differences in chest CT applications
between Daegu EMCs. This is because safety protocols had
not been established to prevent the spread of viruses and CT
room contamination during patient transport.

In the surge of suspected COVID-19 patients, negative pres-
sure isolation rooms were quickly saturated. Lack of treat-
ment, testing, and observation space for suspected COVID-
19 patients with low or moderate risk can lead to increased
possibility of exposure of the EMC to COVID-19, which in
turn led to EMC closures. Isolation zones have played an
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important role in solving the problem of lack of treatment,
testing, and observation space. As confirmed in this study,
occurrence of EMC closures after the installation of isolation
zone was significantly reduced. Since there was no negative
pressure facility in the isolation zones of Daegu EMCs, there
may be a risk of transmission of SARS-CoV-2 within the
zone. However, there have as yet been no reports of COVID-
19 nosocomial transmission through the isolation zones. The
isolation zones were operated with an inter-bed distance of 2
m, and patients (N94 mask) and HCW (N94 mask and N95
mask) wore masks in accordance with the KCDC guidelines.
Several studies reported that social distancing within hospitals
and universal masking of patients and health care workers
are useful for the prevention of nosocomial transmission of
COVID-19 [25, 26]. Since 11 March 2020, the KCDC has
encouraged EMCs across the country to install isolation zones
with social distancing between beds, and that in hospitals all
people are required to wear masks of N94 grade or higher.
There were several limitations to our study. First, due to

the retrospective nature of the study, there is a possibility of
research bias. Second, only 26 patients from our cohort were
included in this study. The small sample size might limit the
generality of the results. To reduce selection bias, this study
was performed by anonymizing all data, and the collected
data were evaluated by experts who did not take part in the
collection of the initial data. Third, this study has a territorial
limit. Since this study describes the experience of EMCs in
a city, the results may not be generalizable. The study is
nonetheless meaningful as it has detailed data related to the
official temporary closure of the EMCs in Daegu, which was
the epicenter for COVID-19 in South Korea.

5. Conclusions

To reduce exposure of EMC to SARS-CoV-2, clinicians in the
STC should apply four screening criteria strictly individually,
raising suspicions of COVID-19. Isolation zones with inter-
bed distance of 2 m and wearing masks in the isolation zone
were useful to reduce the temporary EMC closure through
solving the lack of space.
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