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Background: From May to July 2015, the Republic of Korea experienced the largest outbreak of Middle East respiratory syn-
drome (MERS) outside the Arabian Peninsula. A total of 186 patients, including 36 deaths, had been diagnosed with MERS-coro-
navirus (MERS-CoV) infection as of September 30th, 2015.

Materials and Methods: We obtained information of patients who were confirmed to have MERS-CoV infection. MERS-CoV in-
fection was diagnosed using real-time reverse-transcriptase polymerase chain reaction assay.

Results: The median age of the patients was 55 years (range, 16 to 86). A total of 55.4% of the patients had one or more coexist-
ing medical conditions. The most common symptom was fever (95.2%). At admission, leukopenia (42.6%), thrombocytopenia
(46.6%), and elevation of aspartate aminotransferase (42.7%) were observed. Pneumonia was detected in 68.3% of patients at
admission and developed in 80.8% during the disease course. Antiviral agents were used for 74.7% of patients. Mechanical
ventilation, extracorporeal membrane oxygenation, and convalescent serum were employed for 24.5%, 7.1%, and 3.8% of pa-
tients, respectively. Older age, presence of coexisting medical conditions including diabetes or chronic lung disease, presence
of dyspnea, hypotension, and leukocytosis at admission, and the use of mechanical ventilation were revealed to be independent
predictors of death.

Conclusion: The clinical features of MERS-CoV infection in the Republic of Korea were similar to those of previous outbreaks in
the Middle East. However, the overall mortality rate (20.4%) was lower than that in previous reports. Enhanced surveillance and
active management of patients during the outbreak may have resulted in improved outcomes.

Key Word: Middle East respiratory syndrome; Republic of Korea

Introduction

Middle East respiratory syndrome (MERS), which is caused
by B-coronavirus of the C lineage (MERS-CoV), ranges in se-
verity from asymptomatic to a severe respiratory illness with
rapid progression to respiratory failure [1]. Since the identifi-
cation of the first case in Saudi Arabia, the World Health Orga-
nization (WHO) has been notified of 1,638 laboratory-con-
firmed cases, including 587 fatal cases, in 26 countries as of
February 26th, 2016. These confirmed cases have been direct-
ly or indirectly linked to countries in the Arabian Peninsula
[2]. Although the exact mode of transmission remains un-
known, primary MERS-CoV infections are presumably associ-
ated with community zoonotic exposure and may be passed
to family members via limited secondary transmission [3].
Human-to-human spread of MERS-CoV is assumed to occur
through close contact, such as caring for or living with an in-
fected person [4, 5]. As infected people have spread MERS-
CoV to others in hospitals, the importance of vigilant surveil-
lance and appropriate infection control measures must be
emphasised to prevent transmission in healthcare settings.

From May to July 2015, the Republic of Korea experienced
the largest outbreak of MERS outside the Arabian Peninsula.
Infection was confirmed in a 68-year-old businessman return-
ing from the Middle East on May 20th, 2015, when he present-
ed with atypical pneumonia and he failed to response to anti-

microbial therapy for community-acquired pneumonia. Prior
to the confirmation of MERS-CoV infection, he had visited
three hospitals where more than 600 people (including other
patients, care givers, and healthcare workers) were exposed,
resulting in 36 cases of MERS-CoV infection [6]. As of Decem-
ber 5th, 2015, 16,693 individuals had been quarantined and
186 cases of MERS-CoV had been confirmed. All confirmed
cases were associated with a total of 17 healthcare facilities,
and approximately 80% of the confirmed cases were caused
by ‘super-spreading’ events that originated from five patients
in four hospitals [6]. We aimed to determine the clinical fea-
tures and outcomes of Korean patients confirmed to be infect-
ed with MERS-CoV, and the risk factors contributing to mor-
tality.

Materials and Methods

1. Study design and patients

This retrospective observational study focused on the clini-
cal characteristics of confirmed cases of MERS-CoV infection
in the Republic of Korea. Approval for this study and a waiver
for requiring informed consent were obtained from institu-
tional review board of Chungnam National University Hospi-
tal.

All patients with laboratory-confirmed MERS-CoV infection
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Table 1. Clinical features of 186 patients with confirmed Middle East respiratory syndrome-coronavirus infection and comparison of those between survi-

vors and deceased at 28 days after symptom onset
________________________________________________________________________________________ |

Variable Total Survivors Deceased Pvalue
(N=186) (N=153) (N=33)
Median age (range) - years 55 (16-86) 53 (17-86) 68.5 (49-86) <0.001
Age >55 years - no. (%) 97 (52.2) 67 (43.8) 30(90.9) <0.001
Male sex - no. (%) 110 (59.5) 88(57.9) 22 (66.7) 0.435
Health care worker - no. (%) 39 (21.0) 39 (25.5) 0 <0.001
Asymptomatic cases 2(1.1) 2 0 1.000
Pneumonia - no./total no. (%) 147/182° (80.8) 116/150 (77.3) 31/32 (96.9) 0.598
Coexisting medical conditions - no. (%)
One or more coexisting medical conditions 103 (55.4) 75 (49.0) 28 (84.8) <0.001
Hypertension 59 (31.7) 42 (27.5) 17 (51.5) 0.007
Diabetes 35 (18.8) 23 (15.0) 12 (36.4) 0.004
Solid organ malignancy 25(13.4) 15(9.8) 10 (30.3) 0.002
Chronic lung disease 19 (10.2) 7(4.6) 12 (36.4) <0.001
Chronic heart disease 17(9.1) 10 (6.5) 7(21.2) 0.008
Cerebrovascular disease 17(9.1) 12 (7.8) 5(15.2) 0.160
Chronic liver disease 10 (5.4) 6(3.9) 4(12.1) 0.079
Chronic kidney disease 9(4.8) 6(3.9) 3(9.0) 0.200
Hematologic malignancy 4(2.2) 2(1.3) 2(6.0) 0.145
Symptoms at admission - no. (%)"
Fever 152 (81.7) 121 (79.1) 31(93.9) 0.045
Cough 106 (56.9) 90 (58.8) 16 (48.5) 0.247
Sputum 74 (39.8) 62 (40.5) 12 (36.4) 0.850
Dyspnoea 41 (22.0) 23(15.0) 18 (54.5) <0.001
Hemoptysis 8(4.3) 6(3.9) 2(6.1) 0.431
Myalgia 80 (43.0) 68 (44.4) 12 (36.4) 0.395
Headache 38(20.4) 35(22.9) 3(9.1) 0.075
Sore throat 17(9.1) 13(8.5) 4(12.1) 0.354
Rhinorrhoea 3(1.6) 2(1.3) 1(3.0) 0.445
Nausea or vomiting 26 (14.0) 23 (15) 3(9.1) 0.580
Diarrhoea 36(19.4) 32(20.9) 4(12.1) 0.246
Abdominal pain 15(8.1) 13 (8.5) 2(6.1) 0.482
Decreased consciousness 10 (5.4) 6(3.9) 4(12.1) 0.079
Vital Signs at admission - no. (%)
Systolic blood pressure <90 mmHg 7(3.8) 3(2.0) 4(12.1) 0.005
Heart rate >100 beats/min 45 (24.2) 35(22.9) 10 (30.3) 0.375

Respiratory rate >20 breaths/min 47 (25.3) 31(20.3) 16 (48.5) 0.001
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Table 1. Continued

Variable Total Survivors Deceased Pvalue
(N = 186) (N =153) (N=33)

Laboratory findings at admission - median

(range)

White blood cells - /mm® 4,280 (1,230-30,800) 4,100 (1,230-17,990) 5,520 (1,760-30,800)  <0.001
>10,000/mm” - no./total no. (%) 8/178 (4.5) 3/145(2.1) 5/33(15.2) 0.001
<4,000/mm’ - no./total no. (%) 75/178 (42.1) 66/145 (45.5) 9/33 (27.3) 0.078

Haemoglobin - g/dL 13.2(7.3-17.9) 13.3(7.3-17.9) 12.1(7.3-17.4) 0.102

Platelets - x1,000 /mm® 153.5 (6-453) 155 (13-453) 140 (6-427) 0.176
<150,000/pL - no./total no. (%) 83/178 (46.6) 64/145 (44.1) 19/33 (57.6) 0.180

C-reactive protein - mg/dL 2.52 (0.02-67.9) 1.69 (0-49.8) 7.0 (0-67.9) 0.003

Procalcitonin - ng/mL 0.13(0.02-2.8) 0.11 (0.02-1.70) 0.27 (0.07-2.80) 0.279

Aspartate aminotransferase - [U/L 39 (12-392) 37 (12-392) 57 (16-337) 0.037
>40 IU/L - no./total no. (%) 86/173 (49.7) 68/140 (48.6) 18/33 (54.5) 0.567

Alanine aminotransferase - TU/L 29 (4-292) 29 (4-292) 29 (5-122) 0.722

Albumin - g/dL 3.7(1.9-5.5) 3.8(2.2-4.9) 2.9(1.9-5.5) <0.001
Albumin <3.5 g/dL - no./total no. (%) 61/166 (36.7) 40/133 (29.9) 21/33 (63.6) <0.001

Lactate dehydrogenase - IU/L 406 (121-3,711) 399 (121-3,711) 432 (324-1,016) 0.865

Blood urea nitrogen - mg/dL 12.0 (4.0-112.0) 11.9 (4.0-112.0) 20.0 (5.0-63.4) <0.001

Serum creatinine - mg/dL 0.8 (0.21-15.2) 0.7 (0.3-15.2) 0.9 (0.21-3.97) 0.311

Serum creatinine >1.5 mg/dL - no./total no. (%)  9/172 (5.2) 3/149 (2.2) 6/33(18.2) <0.001
Pa02:FiO2 ratio <300 - no./total no. (%) 25/44 (56.8) 11/25 (44.0) 14/19 (73.7) 0.049

“Four (2-2%) of the 186 patients did not undergo chest radiology test.
®Most patients had more than one symptoms.

were identified during the outbreak in the Republic of Korea,
during which confirmatory tests were performed only for sus-
pected cases. Suspected cases were defined as follows: 1) fe-
ver AND pneumonia or acute respiratory distress syndrome
(based on clinical or radiologic evidence) AND either a histo-
ry of travel from countries in or near the Arabian Peninsula
within 14 days before symptom onset OR close contact with a
symptomatic traveller who developed fever and acute respira-
tory illness (not necessarily pneumonia) within 14 days after
traveling from countries in the Arabian Peninsula. 2) Fever
AND symptoms of respiratory illness (e.g., cough, shortness of
breath) and presence in a healthcare facility (as a patient,
worker, or visitor) within 14 days before symptom onset in a
country in or near the Arabian Peninsula. 3) Fever OR symp-
toms of respiratory illness (e.g. cough, shortness of breath)
AND close contact with a confirmed symptomatic MERS case
[7]. Since June 4th, 2015, symptomatic people who visited a
healthcare facility within 14 days before the onset of symp-

toms in two or more confirmed healthcare-associated MERS
cases were also included as suspected cases. One of the hospi-
tals that treated patients with laboratory-confirmed MERS-
CoV infection also performed active surveillance of asymp-
tomatic health care workers who were involved in the care of
confirmed cases.

In the Republic of Korea, real-time reverse-transcriptase
polymerase chain reaction (rRT-PCR) assays for MERS-CoV
diagnosis were performed exclusively at the Korea Centre for
Disease Control and Prevention until May 28th, 2015. Medical
centres and referral laboratories began to perform rRT-PCR
assays for MERS-CoV on May 28th and June 3rd, 2015, respec-
tively. These rRT-PCR tests targeted the upstream E protein
(UP-E) and open reading frame 1a (ORF1a) gene segments of
MERS-CoV, as described in the WHO guideline [8].

2. Data collection
Patient information was collected using a standardized
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case-report form. Gathering of data was carried out by the
physicians who cared for the MERS-CoV-infected patients of
each hospital. A major means of obtaining data was review of
medical records, including doctors” and nurses’ charts, imag-
ing findings, and laboratory results. In those cases where ad-
ditional information was necessary, re-interview of patients
was performed.

3. Statistical analysis
Collected data were categorized with respect to demograph-

ics, clinical symptoms, comorbidities, laboratory test results,
image findings, treatments performed, and clinical outcomes.
We carried out descriptive analysis for the aforementioned
categories. Continuous variables were reported as means with
standard deviations or medians with ranges. For categorical
variables, the proportion of patients was calculated for each
variable. Comparison analysis for subgroups was performed
using Student’s -test, Pearson’s chi-square test, or Fisher’s ex-
act test, and Cox-regression analysis was also performed to
evaluate risk factors of mortality. For Cox-regression analysis,
the data was censored at September 30, 2015 for survivors. A
P-value <0.05 was considered to indicate statistical signifi-
cance. All analysis was performed with SPSS software (SPSS
version 20.0, SPSS Inc., Chicago, IL, USA) for Windows.

Results

1. Epidemiologic characteristics and clinical features

We described the clinical characteristics of all 186 patients
with confirmed MERS-CoV infection during the outbreak in
the Republic of Korea (Table 1). We also compared the clinical
characteristics of survivors and deceased at 28 days after
symptom onset.

The median age of the patients was 55 years (range, 16 to
86); 52.2% of the patients were 55 years of age or older (Table
1). Male patients predominated in number over female pa-
tients, with a sex ratio of approximately 3:2. A total of 55.4% of
the patients had one or more coexisting medical conditions.
Hypertension, diabetes, and solid organ malignancy were the
most common coexisting medical conditions. Thirty-nine pa-
tients (21.0%) were health care workers (HCWs), of which
nurses were most common (38.6%), and two cases (1.1%)
were asymptomatic. Compared with survivors, the deceased
were older and more frequently had coexisting medical con-
ditions.

One hundred fifty-two patients (81.7%) manifested fever
and more than 50% had developed cough at admission. Al-
most all of the patients (95.2%) developed fever during the
course of disease. Unstable vital signs were observed in ap-
proximately a quarter of the patients at admission. Compared
with survivors, the deceased more frequently presented with
dyspnea, hypotension, and tachypnea at admission.

Table 2. Treatment modalities administered to patients with confirmed Middle East respiratory syndrome-coronavirus infection
. |

Variable Total Survivors Deceased”
(N =186) (N=153) (N=33)
Antiviral agents - no. (%) 138 (74.2) 113 (73.9) 25(75.8)
Initiation of antiviral agents within 48 h. after symptom onset 26 (14.0) 18 (11.8) 8(24.2)
Proportion of each regimen (%)
Interferon + ribavirin + lopinavir/ritonavir 81.1 81.4 80.0
Interferon + ribavirin 12.7 14.1 4.0
Ribavirin + lopinavir/ritonavir 5.0 2.6 16.0
Ribavirin 0.7 0.8 0
Lopinavir/ritonavir 0.7 0.8 0
Antibiotics - no. (%) 140 (75.3) 109 (71.2) 31(93.9)
Mechanical ventilation 45 (24.2) 20 (13.1) 25 (75.8)
Haemodialysis - no. (%) 15(8.1) 5(3.3) 10 (30.3)
Extracorporeal membrane oxygenation - no. (%) 13 (7.0) 10 (6.5) 3(9.1)
Convalescent serum - no. (%) 7(3.8) 6(3.9) 1(3.0)
Intravenous immunoglobulin - no. (%) 5(2.7) 2(1.3) 3(9.1)

“Deceased were determined at 28 days since the onset of symptoms.
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At admission, 178 (95.7%) of the 186 patients underwent
one or more blood tests (Table 1) including complete blood
counts in 178 (95.7%), C-reactive protein (CRP) analyses in
168 (90.3%), and liver function and blood chemistry tests in
173 (93.0%). Among those, 42.1% had leukopenia (<4,000
cells/mm?®), 4.5% had leukocytosis (>10,000/mm?®), 32.0% had
anemia (<12 g/dL), and 46.6% had thrombocytopenia
(<150,000 /mm?®). CRP was elevated (>3 mg/dL) in 47.6% of
patients. Elevated level of aspartate aminotransferase (AST)
was observed in 43.4%, whereas elevated creatinine was ob-
served in only 5.8% of patients. Among the 103 patients who
underwent urinalysis, 44(42.7%) had proteinuria and
36(35.0%) had hematuria. Forty-four patients underwent arte-
rial blood gas analysis, which revealed a decreased PaO,:FiO,
ratio (<300) in 56.8% of patients. Compared with survivors, the
deceased more frequently exhibited leucocytosis, hypoalbu-
minaemia, elevated serum creatinine and CRP levels, and hy-
poxemia (Pa02:FiO2 ratio <300).

Abnormalities in chest radiography were detected in 123 of
180 patients (68.3%) who underwent chest radiography at ad-
mission and 147 (80.8%) of the 182 patients manifested pneu-
monia during the course of disease. The most common fea-
tures of the abnormalities were ground glass opacity or
consolidation. The abnormal findings appeared in peripheral
(78.9%), focal (57.1%), and unilateral (62.6%) patterns. Multi-
focal or bilateral location was relatively rare (42.9% and 37.4%,
respectively). The abnormalities had disappeared in only one-
third of patients by the time of discharge.

Table 3. Risk factrs for death frm Middle East respiratory syndrome®

2. Treatment, complications, and clinical outcomes

Antiviral therapy was administered to 139 patients (74.7%;
Table 2). The median time from the onset of illness to the initi-
ation of antiviral therapy was 6 days (range, 1-20 days), al-
though 14.0% of patients received antiviral therapy within 48
hours of symptom onset. The most commonly prescribed an-
tiviral regimen was a combination of interferon (IFN), ribavi-
rin, and lopinavir/ritonavir. One hundred thirty-eight patients
(75.0%) received antibiotic therapy. In addition, 45 patients
(24.5%) were treated with mechanical ventilation, 15 (8.2%)
with haemodialysis, and 13 (7.1%) with extracorporeal mem-
brane oxygenation (ECMO). Seven (3.8%) patients were treat-
ed with convalescent serum.

Acute respiratory distress syndrome, acute kidney injury,
and shock occurred in 20.7%, 14.0%, and 13.4% of patients, re-
spectively. Among the 186 patients, a total of 38 (20.4%) died
in hospitals. From the day of symptom onset, seven patients
(3.8%) died within 7 days and 33 (17.7%) died within 28 days.
The median interval from symptom onset to death was 14
days (range, 1-174 days). Two patients (1.1%) died before
confirmation of MERS.

Among cured patients, the median interval from symptom
onset to discharge was 21 days (range, 7-187 days), the medi-
an duration of fever was 8 days (range, 0-54 days), and the
median time to a negative conversion of virus as determined
via rRT-PCR analysis of sputum was 17 days (range, 4-45
days).

Variable 0dd ratio (95% CI)" P-value
Age >55 years 8.63 (3.19-23.30) <0.01
Symptoms during the entire disease course

Dyspnea 18.81(2.39-148.41) <0.01
Coexisting medical condition

Diabetes mellitus 2.47 (1.06-5.72) 0.04

Chronic lung disease 2.24 (1.04-4.79) 0.04
Vital sign at admission

Systolic blood pressure <90 mm Hg 5.38 (1.65-17.49) <0.01
Laboratory abnormalities at admission

White blood cell count >10,000 /mm”® 3.16 (1.10-9.07) 0.03
Treatment

Mechanical ventilation 8.04 (2.95-21.92) <0.01

*In Cox-regression analysis, the data was censored at Septemnber 30, 2015 for survivors.

® Cl denotes confidence interval.
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3. Risk factors for death from MERS

In univariate analysis, the deceased were older than the sur-
vivors (median age, 69 vs. 51 years), and included a smaller
portion of HCWs than did the survivors (2.8 vs. 25.3%). The
deceased had fever, dyspnea, or decreased consciousness
more frequently at admission. They had coexisting medical
conditions more frequently, especially diabetes, chronic heart
disease, chronic lung disease, and solid organ malignancy.
Hypotension and tachypnea were observed more frequently
in the deceased. Laboratory abnormalities, namely leukocyto-
sis, thrombocytopenia, hypoalbuminemia, elevated serum
creatinine, and elevated CRP, were reported more frequently
in the deceased at admission and during the course of disease.
However, leukopenia was reported more frequently in survi-
vors.

In multivariate Cox-regression analysis, age =55 years, occur-
rence of dyspnea during the disease course, presence of coex-
isting medical conditions including diabetes or chronic lung
disease, systolic blood pressure <90 mm Hg at admission, leu-
kocytosis at admission, and the use of mechanical ventilation
were found to be independent predictors of death (Table 3).

4. Comparison of survivors and deceased among
severe patients with mechanical ventilation

The use of mechanical ventilation was assumed to be an in-

dependent indicator of severe disease. Among the 45 patients

with mechanical ventilation, 28 (55.6%) died. The deceased
among patients with mechanical ventilation were older than
the survivors, and the proportion of HCWs was smaller than
among the survivors (Table 4). They also had underlying dis-
eases more frequently, especially chronic lung disease and
solid organ malignancy. Elevation of serum creatinine was
observed more frequently in the deceased. In contrast, the oc-
currence of diarrhea and the elevation of ALT were observed
more frequently in survivors. ECMO or convalescent serum
was employed more frequently among survivors.

Discussion

Since its initial identification in Saudi Arabia in 2012, 1,638
cases of laboratory-confirmed MERS-CoV infection have been
reported as of February 26th, 2016. In that time interval, an-
other multi-facility outbreak in an endemic area has occurred
since the first healthcare facility-related outbreak was report-
ed by Assiri, et al [9]. Here, we describe the clinical findings of
186 MERS patients in the Republic of Korea from May through
September 2015. To the best of our knowledge, this is the larg-
est report of an outbreak outside of the Middle East. In this
study of the MERS outbreak in the Republic of Korea, the re-
ported data suggest that MERS-CoV is most likely to be trans-
mitted as a healthcare-associated infection. No communi-

Table 4. Comparison of survivors and deceased among severe patients requiring mechanical ventilation
______________________________________________________________________________________ |

Characteristics Survivors (N = 17) Deceased (N = 28) P-value
Median age (IQR)" - years 55 (36-66) 67 (59-74) <0.01

Age >55 years - no. (%) 9(52.9) 26 (92.9) <0.01
Healthcare workers - no. (%) 5(29.4) 1(3.6) 0.02
Symptoms during the entire disease course

Diarrhea - no. (%) 13 (76.5) 13 (46.4) 0.05
One or more coexisting medical conditions - no. (%) 6(35.3) 21 (75.0) <0.01

Chronic lung disease 0(0) 11(39.3) <0.01

Solid organ malignancy 0(0) 7(25.0) 0.03
Laboratory abnormalities during the entire disease course - no. (%)

Alanine aminotransferase >45 IU/L 16 (94.1) 18 (64.3) 0.03

Serum creatinine >1.5 mg/dL 3(17.6) 14 (50.0) 0.03
Treatment - no. (%)

Extracorporeal membrane oxygenation 8(47.1) 5(17.9) 0.05

Convalescent serum 6(35.5) 1(3.6) <0.01

QR denotes interquartile range.
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ty-associated infections lacking any history of contact with
MERS-CoV were found in this outbreak. Even though the
overall transmissibility of MERS-CoV was relatively low, there
were several so-called ‘super-spreading’ events posing a seri-
ous threat to public health. Rapid transmission and high at-
tack rates in dialysis units were noted, in a previous report, in
Saudi Arabia [5]. However, no additional cases in dialysis units
were reported in this Korean outbreak, even though many pa-
tients undergoing hemodialysis were exposed to MERS in di-
alysis units. This apparent heterogeneity in transmission, with
many infected patients not transmitting disease at all and sev-
eral patients transmitting disease to others, may be character-
istic of MERS-CoV infections, similar to SARS [4, 5, 10, 11].

The clinical features of patients with MERS-CoV infection in
the Republic of Korea were generally similar to those reported
in Saudi Arabia [4, 5, 10]. Asymptomatic patients were rare in
this outbreak, presumably because confirmatory MERS-CoV
tests were performed only for symptomatic patients, although
active surveillance of asymptomatic HCWs involved in patient
care was conducted at one hospital. In a previous outbreak in
Jeddah, 25.1% of laboratory-confirmed cases were reported to
have been asymptomatic; however, a telephone survey re-
vealed that about 80% of those who were reached by tele-
phone had experienced at least one symptom [4]. The propor-
tions of patients with underlying medical conditions such as
diabetes (18.8%), chronic lung disease (10.2%), or chronic
kidney disease (4.8%) were smaller in this study, which might
explain why cases with complicating respiratory or renal fail-
ure were relatively uncommon in the outbreak in the Republic
of Korea, compared to those reported in Saudi Arabia. The in-
cidence of pneumonia (80.8%) in this outbreak is similar to
that reported in Saudi Arabia, although the proportion of pa-
tients requiring mechanical ventilation was smaller (24.2% in
the Republic of Korea vs. 56-78% in Saudi Arabia) [5, 9]. In ad-
dition to the reduced presence of comorbidities, many pa-
tients in this study were diagnosed relatively early because
rRT-PCR tests for MERS-CoV were actively performed for
those with an epidemiological linkage as soon as fever or re-
spiratory symptoms occurred. This early diagnosis might have
led to early treatment initiation and thus prevented disease
progression to a severe status.

The case fatality rate observed in this study was lower than
that reported in other studies of previous MERS outbreaks
(20.4% vs. 36.5-65%) [4, 5, 10]. This low case fatality rate could
be attributed to the application of aggressive treatment mea-
sures, including antiviral agents, mechanical ventilation, or
ECMO. Antiviral treatments were administered to 74.5% of the

patients, although clinical decisions for their use were made
by attending physicians. During the MERS-CoV epidemic in
the Republic of Korea, the Korean Society of Infectious Dis-
eases and the Korean Society for Chemotherapy collaborated
to generate and distribute recommendations for the use of
antiviral treatments based on existing available data from ex-
periences with SARS and MERS [12, 13]. We were not able to
assess the clinical impact of antiviral therapy on outcomes, as
most patients with severe pneumonia received combination
antiviral therapy along with comprehensive supportive care.
The therapeutic efficacy of combination antiviral therapy
should be evaluated in further studies.

Our study has several limitations. First, clinical data were
retrospectively collected through electronic medical records
and chart review, although cases were enrolled prospectively
by means of active surveillance of outbreaks. The present
study was observational, and thus unknown risk factors and
bias might have been unequally distributed between the two
groups in the survival analysis. The possibility of limitations
that preclude accurate comparisons should be kept in mind
given the observational nature of this study. Clinical judg-
ments regarding management of patients were made by at-
tending physicians, not by researchers. Second, we have pre-
sented 4 months of clinical data after control of the outbreak,
and thus the data might represent acute complications of
MERS-CoV-infected patients. Only 36.2% of patients showed
resolution of abnormal findings on chest radiologic evalua-
tion, and there are concerns regarding chronic complications
such as pulmonary fibrosis. Further follow-up prospective co-
hort studies are warranted in the future. Third, although this
study was performed with a nationwide database, a relatively
small number of patients with mechanical ventilation were
included, with limited statistical power. The impact of ECMO
and convalescent serum therapy on survival may not be fully
adjusted for in the survival analysis. Finally, this study was
conducted mainly at large referral centers in Korea, and our
findings may not be generalizable to other institutions outside
of Korea.

In conclusion, a MERS-CoV outbreak in the Republic of Ko-
rea was initiated by a patient recently returned from Saudi
Arabia, and transmitted as a healthcare-associated infection.
Although clinical features did not differ significantly from
those of previous outbreaks in the Middle East, the overall
mortality rate was 20.4%, which was lower than that reported
in other countries. The early detection of cases with MERS-
CoV infection and active management of patients during this
outbreak may have improved patient outcomes. Our data sug-
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gest that MERS-CoV infections pose an important public
health threat in regions outside the Middle East, and that
more information on the emergence and dissemination of this
virus is necessary in order to prevent its further spread.
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