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INTRODUCTION

A large outbreak of Middle East respiratory syndrome 
(MERS) infection1 occurred in South Korea in 2015, eventu-
ally resulting in 186 confirmed cases and 36 deaths. MERS is 
a lower respiratory tract infection that causes fever, coughing, 
breathing difficulties, and pneumonia. The condition can 
progress to acute respiratory distress syndrome and multi-or-
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gan failure and lead to death in 20–40% of cases. 
Research conducted on emerging infectious diseases (EIDs) 

in the past decade suggests that psychiatric morbidities and 
chronic fatigue persisted and continued to be clinically sig-
nificant among survivors.2,3 A study that examined stress lev-
els and psychological distress reported that severe acute re-
spiratory syndrome (SARS) survivors showed high levels of 
depression, anxiety, and post-traumatic stress symptoms 
(PTSSs) 1 year after the outbreak.4 In a 3-year study, fatigue 
and psychiatric co-morbidities, including depression, post-
traumatic stress disorder (PTSD), somatoform pain disorder, 
and panic disorder were common in SARS survivors.5 A study 
that evaluated psychological distress and social support of 
Nigerian patients infected with Ebola virus disease (EVD) re-
ported that survivors experienced an inability to concentrate, 
lack of sleep, unhappiness, and depression.6 Severe depres-
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sion was diagnosed between 1 and 19 months after discharge 
from an Ebola treatment center among survivors of EVD in 
Conakry.7

Several studies have reported mental health issues in MERS-
related patients. In a study of subjects who had been isolated 
because they had had contact with a MERS patient, 7.6% 
showed anxiety and 16.6% had developed feelings of anger 
during the isolation period.8 A cross-sectional study that ex-
amined the mental health of nurses working at a government-
designated hospital during a MERS-Coronavirus (CoV) out-
break revealed that the influences of stigma and hardiness on 
mental health are partially mediated through stress.9 Psycho-
logical trauma of MERS victims and bereaved families has 
also been anecdotally reported,10 as many patients suffer from 
rumors and discrimination even after being treated and cleared 
of the disease.

However, few studies have addressed chronic fatigue and 
mental health among survivors after a MERS infection in 
South Korea. Moreover, the relationship between them is un-
clear, although understanding their relationship is important 
to identify EID survivors who are at high risk for chronic fa-
tigue and mental health problems and to provide targeted in-
terventions and treatments.

Thus, we investigated symptoms of chronic fatigue, PTSD, 
and depression in survivors after a MERS epidemic and the 
relationships among them. A serial multiple mediation mod-
el with one independent variable was used. The purpose of this 
study is to examine the longitudinal mediating effects of de-
pressions between chronic fatigue and later PTSSs for the 
MERS survivors. Through this, we will reveal predictive fac-
tors of PTSSs and we would utilize practical interventions for 
improving the PTSSs through the development of programs. 
Furthermore, this study will be utilized as a basis to establish 
the policy to improve the detrimental mental health effects of 
the EID infection to survivors.

METHODS

Participants and procedures
The study data were obtained from a multi-centered pro-

spective follow-up study of MERS survivors in the Republic 
of Korea. All survivors with confirmed MERS infection were 
invited to participate in the study 12 months after the MERS 
outbreak had ended and follow-up in every 6 months later. 
Personalized letters and subsequent telephone contact were 
made to invite subjects to participate, and assessments were 
arranged.

Of 148 survivors, 72 (48.65%) consented to be registered. The 
assessments were performed 12 months (T1) and 18 months 
(T2) after the MERS outbreak in five hospitals: National Medi-

cal Center (n=15), Seoul National University Hospital (n=17), 
Chungnam National University Hospital (n=13), Seoul Medi-
cal Center (n=12), and Dankook University Hospital (n=6). 
All participants visited the hospitals for regular health check-
ups and completed self-report questionnaires. The complete 
responses from 63 and 54 participants were gathered at T1 
and T2, respectively. Only data from 52 subjects who complet-
ed both assessments were analyzed to examine the relation-
ships among the relevant psychological variables.

Variables and measurements 
Data on demographic variables including sex, age, job, and 

marriage were gathered. Data on medical illnesses prior to 
MERS and a psychiatric history were also collected. Partici-
pants completed several scales, including the Fatigue Severity 
Scale (FSS), the Patient Health Questionnaire-9 (PHQ-9), and 
the Impact of Event Scale-Revised (IES-R). 

The FSS is a Likert scale consisting of nine items that assess 
fatigue severity and functionality during the past one week.11 
Items are rated on a scale of 1 to 7 according to their level of 
agreement with a given statement, and include such state-
ments as “I am easily fatigued” or “fatigue interferes with car-
rying out certain duties and responsibilities.” Values for each 
item were averaged for a composite score, with higher scores 
indicating higher levels of impairment from fatigue and fa-
tigue was largely independent of self-reported depressive 
symptoms.11 Using the Korean FSS12 index of 3.22 as the cut-
off point, sensitivity was 84.1% and specificity was 85.7% for 
the fatigue and control groups, respectively. Factor analysis 
showed first factor was recognition of fatigue and second 
factor was the interference of fatigue on functioning in physi-
cal, family and social area.12

The PHQ-913 is used to monitor depression severity. The 
questionnaire consists of nine items based on the Diagnostic 
and Statistical Manual of Mental Disorders, fourth edition 
criteria for depression, scored from 0 to 3, providing a severi-
ty score ranging from 0 to 27. Accordingly, depression severity 
was defined as no depression (1–4), mild depression (5–9), 
moderate depression (10–14), moderately severe depression 
(15–19), and severe depression (20–27). The Korean version of 
the PHQ-9 is a reliable and valid tool for screening and assess-
ing depressed patients (Cronbach’s alpha coefficient=0.81).14

The IES-R was designed to assess symptoms associated 
with PTSD following a traumatic life event (MERS infection 
in our study). Symptoms are measured on 22 self-reported 
items for a total subjective stress assessment that can be fur-
ther divided into intrusion, avoidance, and hyperarousal sub-
scales. Individual items describe difficulties associated with 
stressful events, and participants were asked to indicate the 
extent to which each item distressed or bothered them over 
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the last 7 days using a rating scale of 0–4. A total score ≥25 is 
considered clinically significant.15

Statistical analyses
All statistical analyses were performed using the Statistical 

Package for Social Science 18.0 software (SPSS Inc., Chicago, 
IL, USA). We performed Paired T-test to examine significant 
changes in all mean scores over the time period. Pearson’s 
correlation analyses were used to determine the relationships 
among chronic fatigue (T1 FSS), depression (T1 PHQ, T2 PHQ), 
and PTSS (T2 IES). The hypothesis that chronic fatigue af-
fects PTSS through depression was examined using the serial 
multiple mediation model, which is a kind of multiple regres-
sion in the SPSS PROCESS macro.16,17 Serial multiple-medi-
ated-effects analyses were conducted with 5,000 bootstrap-

ping repetitions. Confidence intervals that did not include 0 
were considered significant. All tests were two-sided. A p-
value <0.05 was considered significant.

Ethics statement
The present study protocol was reviewed and approved by 

the Institutional Review Board of the National Medical Cen-
ter (IRB No. H-1510-059-007). Informed consent was sub-
mitted by all subjects when they were enrolled. All participants 
were informed that they could withdraw from the study at 
any time.

RESULTS

Table 1 presents the demographic and clinical characteris-

Table 1. Demographic and clinical characteristics of participants

Variables Subcategory
Total (N=52)

N or mean % or SD
Gender Male 32 61.5

Female 20 38.5
Age 49.7 12.0
Job Employed 30 57.7

Unemployed or retired 9 17.3
Others (housewife, self-employed, etc.) 13 25.0

Marriage Married 43 82.7
Unmarried 5 9.6
Divorce or bereaved 4 7.7

Medical illness prior to MERS Yes 16 30.8
Previous history of psychiatric visit Yes 7 13.5

N or median % or SD
Status at the point of infection Patients 16 30.8

Health care workers 12 23.1
Caregivers 10 19.2
Visitors 9 17.3
Others 5 9.6

Days of hospitalization 21 21.8
Days from symptoms to confirmed diagnosis 4.5 4.1
Total days of illness 23 27.1
Pneumonia Yes 19 36.5
Ventilator treatment Yes 10 19.2
ECMO treatment Yes 2 3.8

Clinical cut off T1 T2
PHQ-9 ≥10.0 14 (26.9) 9 (17.3)
FSS ≥3.22 25 (48.1) 17 (32.7)
IES-R ≥25.0 22 (42.3) 14 (26.9)
FSS: Fatigue Severity Scale, PHQ-9: Patient Health Questionnaire-9, IES-R: Impact of Event Scale-Revised, T1: 12 months after MERS, T2: 18 
months after MERS. MERS: Middle East respiratory syndrome, ECMO: extracorporeal membrane oxygenation, SD: standard deviation
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tics of the participants. Of the 52 participants included in the 
study, 32 (61.54%) were male and 20 (38.46%) were female. 
The mean age of the participants was about 50 years (mean= 
49.69, SD=11.97). More than half (n=30, 57.69%) of the par-
ticipants were employed, and 82.69% (n=43) were married. 
Nearly one-third (30.77%, n=16) had suffered from other med-
ical illnesses before contracting MERS and 13.46% (n=7) had 
received previous psychiatric care before contracting MERS.

In all, 23.08% of cases were healthcare workers when they 
were infected with MERS. The mean number of hospitaliza-
tion days was 21.00 (SD=21.76). The mean number of days 
from symptoms to the confirmed diagnosis was 4.50 (SD=4.12), 
and the mean total days of illness was 23.00 (SD=27.11). About 
36.54% (n=19) of participants had suffered from pneumonia, 
19.23% (n=10) had been treated with a ventilator, and 3.85% 
(n=2) had been treated with extracorporeal membrane oxy-
genation during the acute MERS treatment period. 

Changes in the number of subjects with clinically relevant 
symptoms over time are shown in Table 1. The PHQ-9 scores 

indicated that 26.92% (T1), 17.31% (T2) of subjects had clin-
ically relevant depressive symptoms. In addition, 48.08% 
(T1), 32.69% (T2) had clinically relevant chronic fatigue ac-
cording to their FSS scores. In terms of the IES-R assessment, 
42.31% (T1), 26.92% (T2) had scores above the cut-off point 
for PTSD. 

Table 2 shows the correlations among the variables of in-
terest included in the hypothetical model. All correlations 
across the variables of interest were significant. FSS (T1) 
scores were positively correlated with scores on the PHQ-9 
(T1, T2) and the IES-R (T2). Mean scores of all of the scales 
were lower at T2 than at T1. The mean FSS score changed 
significantly from 3.50 (SD=1.88) to 2.78 (SD=1.89), and that 
of the IES-R decreased significantly from 25.83 (SD=20.05) 
to 19.29 (SD=21.03). The mean score of the PHQ-9 decreased 
from 6.50 (SD=5.69) to 5.42 (SD=5.71) but we could not find 
significance.

The serial multiple-mediation model, which included T1 
FSS, T1 PHQ-9, and T2 PHQ-9, accounted for 34.19% of the 

Table 2. Descriptive data and correlations among variables (N=52)

Variables M SD 1 2 3 4 5 6
1. FSS   	 T1 3.50 1.88 -
2. FSS   	 T2 2.78 1.89 0.677*** -
3. PHQ-9 	T1 6.50 5.69 0.742*** 0.579*** -
4. PHQ-9 	T2 5.42 5.71 0.630*** 0.698*** 0.712*** -
5. IES-R 	 T1 25.83 20.05 0.712*** 0.700*** 0.768*** 0.677*** -
6. IES-R 	 T2 19.29 21.03 0.577*** 0.765*** 0.617*** 0.688*** 0.787*** -
***p<0.001. FSS: Fatigue Severity Scale, PHQ: Patient Health Questionnaire-9, IES: Impact of Event Scale, T1: 12 months after MERS, T2: 18 
months after MERS. MERS: Middle East respiratory syndrome, SD: standard deviation 

Table 3. The Bootstrap results for the indirect effect of 12 months severe fatigue on 18 months impact of traumatic event between 12 and 
18 months depression

B SE
95% CI (BC)

Lower Upper
Direct effects

FSS T1 → PHQ T1 2.2628*** 0.2807 1.6991 2.8264
PHQ T1 → PHQ T2 0.5478*** 0.1448 0.2569 0.8387
FSS T1 → PHQ T2 0.6871 0.4379 -0.1924 1.5667
PHQ T1 → IES T2 0.6060 0.6205 -0.6411 1.8530
PHQ T2 → IES T2 1.7427** 0.5342 0.6690 2.8163
FSS T1 → IES T2 1.7808 1.6945 -1.6244 5.1860

Indirect effects
Path 1: FSS T1 → PHQ T1 → IES T2 1.3711b 1.6396 -1.8440 4.6540
Path 2: FSS T1 → PHQ T1 → PHQ T2 → IES T2 2.1601a 1.3268 0.4250 6.1307
Path3: FSS T1 → PHQ T2 → IES T2 1.1974b 0.8451 0.1141 3.5656

**p<0.01, ***p<0.001. CI (BC)=bias corrected confidence interval; a=significant; b=not significant. FSS: Fatigue Severity Scale, PHQ: Patient 
Health Questionnaire-9, IES: Impact of Event Scale, T1: 12 months after MERS, T2: 18 months after MERS. MERS: Middle East respiratory 
syndrome
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variance in T2 IES-R [R2=0.3419, F (1, 51)=26.4934, p<0.001]. 
As shown in Table 3, T1 FSS was associated with T1 PHQ-9 
(B=2.2628, SE=0.2807, p<0.001) but not with T2 IES-R (B= 
1.7808, SE=1.6945, p=0.2984) or T2 PHQ-9 (B=0.6871, SE= 
0.4379, p=0.1229). Moreover, T1 PHQ-9 was associated with 
T2 PHQ-9 (B=0.5478, SE=0.1448, p<0.001) but not with T2 
IES-R (B=0.6060, SE=0.6205, p=0.3336). On the other hand, 
T2 PHQ-9 was associated with T2 IES-R (B=1.7427, SE= 
0.5342, p<0.01).

Moreover, bootstrap analyses revealed that the positive in-
direct effects of T1 FSS on T2 IES-R through T1 PHQ-9 and 
T2 PHQ-9 were significant (B=2.1601, SE=1.3268, 95% con-
fidence interval=0.4250–6.1307) (Table 3). These results in-
dicate that both T1 PHQ and T2 PHQ-9 fully mediated the 
effects of T1 FSS on T2 IES-R (Figure 1), which suggests that 
both T1 PHQ and T2 PHQ-9 eliminated the direct effects of 
T1 FSS on T2 IES-R.

DISCUSSION

Chronic fatigue 12 months post-MERS had indirect effects 
on prolonged PTSSs 18 months post-MERS via persisting de-
pression in MERS survivors. This is in agreement with a lon-
gitudinal study18 of anxiety, depression, and fatigue in pa-
tients with multiple sclerosis that showed that depression 
strongly predicts anxiety and fatigue, and that anxiety and fa-
tigue strongly predict subsequent depression. Moreover, pre-
vious studies conducted on subjects who had experienced di-
sasters noted that current depression is a predictor of PTSSs.19

The rate of participants reported clinically significant symp-
toms in CFS (32.7–48.1%), depression (17.3–26.9%), and 
PTSD (26.9–42.3%) was comparable to that following SARS.4 
In a 4-year survey in Hong Kong, more than 40% of the re-
spondents had active psychiatric illness, and 40.3% reported 
a chronic fatigue problem.20 In addition, a cohort study that 

investigated psychiatric complications among SARS survi-
vors 30 months after infection found that the prevalence of 
any psychiatric disorder was 33.3%; 25.6% of patients had 
PTSD and 15.6% had depressive disorders.21 Moreover, MERS 
survivors shared similar psychopathologies as other disaster 
survivors22 who reported varying rates of PTSD (30–40%),23 
depression (25%), and fatigue symptoms (50%). These find-
ings suggest that EIDs result not only in physical problems but 
also psychiatric sequelae in infected persons because they 
might experience those as disastrous events. 

Fatigue is a prominent disabling symptom in a variety of 
medical and neurologic disorders. In EIDs survivors, the Coro-
navirus itself may have directly caused sleep disorders, fa-
tigue, and behavioral symptoms, which in turn may have re-
sulted in chronic post-inflammatory central nervous system 
pathologies that adversely affected sleep, pain sensitivity, and 
energy.2 It is noteworthy that chronic fatigue syndrome (CFS) 
shares many symptoms with depression and the two are fre-
quently co-diagnosed.24 However, according to the study 
which measure the fatigue severity among patients with mul-
tiple sclerosis, patients with systemic lupus erythematosus, 
and healthy adults, fatigue was largely independent of self-re-
ported depressive symptoms.11 Despite this, the current study 
appears to be the only longitudinal examination of chronic fa-
tigue, depression, and PTSSs in EIDs survivors. 

We found that the severities of chronic fatigue and PTSS 
improved significantly but that of depression relatively un-
changed throughout the study period. Although this was the 
short-term follow-up study, these results suggest we should 
give attention to the persisting depression during recovery pe-
riod in MERS survivors. It would be important for clinicians 
to assess depression among EIDs survivors with CFS. Fur-
thermore our findings suggest the need to promote interven-
tional programs for MERS survivors with chronic fatigue to 
prevent prolonged PTSSs by ameliorate depression. Two pos-

Figure 1. Model depicting the effect of severe fatigue, depression on post-trauma of MERS. **p<0.01, ***p<0.001. FSS: Fatigue Severity 
Scale, PHQ: Patient Health Quetionnaire-9, IES: Impact of Event Scale, T1: 12 months after MERS, T2: 18 months after MERS, c’: direct 
effect of X on Y (X=T1 FSS; Y=T2 IES), ns: not significant. MERS: Middle East respiratory syndrome.

2.263***

0.548***

1.743***

0.606 (ns)0.687 (ns)

C’=1.781 (ns)
T1 FSS

T1 PHQ T2 PHQ

T2 IES
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sible treatments for chronic fatigue syndrome (CFS) are cogni-
tive behavioral therapy and graded exercise therapy.25 There 
is less clear evidence of the benefit of drug therapy for CFS in 
patients without comorbid depression or anxiety disorders. 

There were several limitations to this study. First, some 
sampling bias may have occurred, as <50% of the MERS sur-
vivors in Korea consented to participate in the study. It is pos-
sible that people who were heavily affected by MERS or who 
were experiencing mental health difficulties were more prone 
to participate in the research. In addition, mental health and 
fatigue symptoms were evaluated using self-reported mea-
sures that are not diagnostic in nature but result in assessments 
of symptomatology. However, these measures have demon-
strated validity and reliability in Korea and are consistently 
correlated with more comprehensive diagnostic tools used to 
assess corresponding symptoms. Despite these limitations, the 
present study is the first to examine the relationships among 
chronic fatigue, depression, and PTSSs in survivors after the 
MERS epidemic in Korea. 

In summary, this longitudinal study revealed that many 
MERS survivors suffered from chronic fatigue and mental 
health problems even more than 1 year after the outbreak in 
South Korea, although three scores showed a decreasing trend. 
The prevalence rates of CFS, depression, and PTSD were 
32.7%, 17.3%, and 26.9%, respectively, 18 months after the 
MERS outbreak. Furthermore, chronic fatigue 12 months post-
MERS had an indirect effect on prolonged PTSS 18 months 
post-MERS through depression among survivors. Our find-
ings may inform future strategies for detecting survivors who 
are at high risk for PTSD and for promoting long-term men-
tal health outcomes in the event of other EIDs.
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