
2088	 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 21, No. 11, November 2015

DISPATCHES

Maimuna S. Majumder, Sheryl A. Kluberg, 
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As of July 15, 2015, the South Korean Ministry of Health 
and Welfare had reported 186 case-patients with Middle 
East respiratory syndrome in South Korea. For 159 case-
patients with known outcomes and complete case histories, 
we found that older age and preexisting concurrent health 
conditions were risk factors for death.

The ongoing outbreak of Middle East respiratory syn-
drome (MERS) in South Korea is the largest outside 

Saudi Arabia. As of July 15, the South Korean Ministry 
of Health and Welfare (MOHW) has reported 186 case-
patients (1). Of these case-patients, 131 have recovered, 19 
remained are hospitalized, and 36 had died (Figure 1). We 
conducted a preliminary mortality risk factor analysis for 
case-patients with MERS in South Korea who had known 
outcomes and covariates. We then compared our findings 
with those of previous investigations of case-patients in 
Saudi Arabia.

The Study
Case identification numbers were matched between the 
June 26, 2015, World Health Organization (WHO) line 
list (2) and daily text-based MERS reports from the South 
Korean MOHW (1). Matching between the 2 data sources 
was conducted by using age, sex, and date of reporting. The 
WHO line list included additional risk factor data, which 
were cross-validated against meta data from the MOHW. 
The MOHW daily MERS reports provided real-time out-
come information.

As of July 15, outcomes and covariates were publicly 
available for 159 of 186 case-patients, all of whom became 
ill during weeks 2–7 of the outbreak. We used this sub-
set to describe the patient population, evaluate risk fac-
tors for death by using logistic regression models, and as-
sess predictors of time from onset to diagnosis and onset 
to discharge by using Cox proportional hazards models. 

Five potential covariates were analyzed: sex, age, concur-
rent health condition status, health care worker status, and 
time from onset to diagnosis. For time-to-event analyses, 
patients were categorized into outbreak weeks by date of 
onset. We tested the Cox proportional hazards assumption 
by using Schoenfeld residuals and included an interaction 
term for predictor and follow-up time.

Of the 159 case-patients analyzed, 94 (59%) were men. 
Per WHO definitions, 25 (16%) had concurrent health con-
ditions and 22 (14%) were health care workers. Age was 
normally distributed (range 16–87 years, mean [SD] 55 
[15.9] years). All deaths occurred in patients >48 years of 
age. Time from onset to diagnosis was positively skewed: 
median 4 days (interquartile range [IQR] 2–7 days). Me-
dian time from diagnosis to death and from diagnosis to 
discharge were 13 (IQR 17–25.3) and 22 (IQR 9–16.5) 
days, respectively.

As of July 15, a total of 35/159 cases analyzed were 
considered fatal, which yielded an estimated case-fatality 
rate (CFR) of 22%. Univariate logistic regression mod-
els for each risk factor showed that older age and having 
a concurrent health condition were associated with death 
(both p<0.001); both variables remained significant after 
we adjusted for all 5 variables in a multivariate logistic 
regression model (Table). The model estimated that odds 
of dying were 7 times higher for persons with concurrent 
health conditions than for persons without these conditions 
(odds ratio 7.14, 95% CI 2.27–22.41). Furthermore, for ev-
ery 1-year increase in age, odds of dying increased by 12% 
(odds ratio 1.12, 95% CI 1.07–1.17).

Time from onset to diagnosis decreased from a median 
of 10 days during outbreak week 2 (IQR 8.0–12.0 days) 
to 2 days during week 7 (IQR 1.0–2.0 days). There was a 
43.7% average increase in hazard of diagnosis per week 
by a univariate Cox proportional hazards model (p<0.001). 
Separate univariate Cox models showed that no recorded 
risk factors were associated with this change.

Time from onset to discharge for patients who sur-
vived decreased from a median of 27 days during outbreak 
week 2 (IQR 22.0–32.0 days) to 19 days during week 7 
(IQR 17.0–23.0). Univariate Cox proportional hazards 
analyses estimated a 34% average increase in the hazard 
of discharge per week (p<0.001), a 63% increase for health 
care workers (p = 0.046), and an 8% decrease for every 
1-day increase in time-to-diagnosis. Multivariate analysis 
controlling for all risk factors showed that the increase in 
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hazard by week decreased to 26% (p = 0.032); no other 
covariates remained significant.

Conclusions
We found that older age and preexisting concurrent health 
conditions were associated with an increase in odds of 
death from MERS. Although being a health care worker 
appears to be protective, the association is not significant, 
probably because only 1 health care worker had died of 
MERS as of July 15, 2015. Time from onset to diagnosis 
was not an indicator for death, which suggests that the ra-
pidity with which a patient receives supportive care may be 
of marginal consequence. Similarly, although being a male 
patient seems to increase odds of death, this relationship 
was not significant.

On the basis of case-patients who had known out-
comes through July 15, the ongoing MERS outbreak in 
South Korea had an estimated CFR (22%) that was half 
the CFR (44%) for all known case-patients with MERS in 

Saudi Arabia (3), but a CFR similar to that calculated for 
patients with only nonsporadic illness (21%) (4). Because 
19 (10%) of 186 case-patients reported remain hospital-
ized, the final CFR of the outbreak might be higher than our 
current estimate. However, the proportion of patients who 
died (18%–19%) has been fairly stable since June 27 (Fig-
ure 2), which might indicate an asymptotic approach to-
ward the final outbreak-specified CFR (5–7). If so, the final 
CFR associated with the MERS outbreak in South Korea 
during 2015 might be <22%. If all remaining hospitalized 
case-patients died, the final outbreak CFR would be 29%, 
which provides an upper limit for our current estimate of 
22% excluding additional cases.

A total of 16 (64%) case-patients with MERS in South 
Korea who had concurrent health conditions died, compared 
with 19 (14%) case-patients without concurrent health con-
ditions. This finding is comparable to that in a MERS study 
in Saudi Arabia, which reported a 60% CFR for a study 
population in which 45 (96%) patients had concurrent 
health conditions (8). Although only 25 (16%) case-patients 
had documented concurrent health conditions, the MERS 
outbreak in South Korean during 2015 has been largely nos-
ocomial in nature. This finding suggests that observed dif-
ferences between average CFRs in South Korea and Saudi 
Arabia might be driven in part by differential rates of con-
current health conditions for susceptible persons.

Use of publicly available data poses unique challeng-
es. Although such data enable preliminary epidemiologic 
research during an ongoing outbreak, case information is 
stringently restricted to protect patient privacy. Because 
of this limitation, a follow-up analysis will be conducted 
pending availability of additional covariate data on poten-
tially relevant biometrics (e.g., blood pressure) and behav-
iors (e.g., tobacco use), as well as outcomes for patients 
still hospitalized.

Despite these limitations, we found that risk factors for 
death among patients with MERS in South Korea who had 
known outcomes (age and concurrent health conditions) 
were similar to those identified for MERS case-patients in 
Saudi Arabia (8–10). Given these epidemiologic similari-
ties and assuming that inherent virulence of MERS coro-
navirus is not context specific, the CFR difference might 
be caused not only by differential prevalence of risk factors 
but also by treatment or surveillance disparities. 

 

 
Table. Multivariate	logistic	regression	model	assessing	odds	ratios	of	risk	for	death	for	159	case-patients	with	Middle	East	respiratory	
syndrome and	known	outcomes	and	covariates,	South	Korea* 
Variable Value Odds	ratio	(95%	CI) p	value 
Male	sex,	no.	(%) 94	(59) 2.85	(0.98–8.20) 0.052 
Mean	(SD)	age,	y 55	(15.9) 1.12	(1.07–1.17) <0.001 
Concurrent	health	condition,	no.	(%) 25	(16) 7.14	(2.27–22.41) <0.001 
Health	care	worker,	no.	(%)† 22	(14) 0.88	(0.09–8.93) 0.915 
Median	time-to-diagnosis,	mo	(IQR) 4	(2–7) 1.00	(0.89–1.14) 0.957 
*IQR,	interquartile	range. 
†Only	1	health	care	worker	died	during	the	study	period. 

 

Figure 1. New case-patients with Middle East respiratory 
syndrome, South Korea, by date of symptom onset and patient 
status, as of July 15, 2015. When date of symptom onset was 
unavailable, date of reporting was used. Although all 186 reported 
case-patients are included in this plot, only case-patients with 
known outcomes (e.g., recovered, died) and dates of onset were 
included in the analyses (n = 159).
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Time to diagnosis decreased during the first 7 out-
break weeks, which probably contributed to the reduced 
length of hospitalization for patients who recovered and 
indicates that supportive care in South Korea might be 
highly adaptive. Furthermore, as reported by Cowling 
et al. (11), intensive case-finding activities might have 
produced more comprehensive diagnosis and reporting, 
thereby capturing less severe cases. In either event, given 
the frequency of importation events (12) and propensity 
for super-spreading (13), these findings provide informa-
tion about MERS and MERS coronavirus in South Korea 
that might be useful in improving early case detection and 
preventing death.
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Figure 2. Cumulative proportion of case-patients with Middle 
East respiratory syndrome who were hospitalized, recovered, 
and died, South Korea, as of July 15, 2015. Total cumulative 
cases over time were calculated by date of symptom onset. 
When date of onset was unavailable, date of reporting was used. 
Cumulative recoveries and deaths over time were calculated by 
date of outcome; when date of outcome was unavailable, date 
of reporting was used. Although all 186 reported case-patients 
are included in this plot, only case-patients with known outcomes 
(e.g., recovered, died) and dates of onset were included in the 
analyses (n = 159).


