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Abstract
We evaluated the clinical characteristics,
cytokine/chemokine concentrations, viral
shedding and antibody kinetics in 30
patients with Middle East respiratory
syndrome (MERS), including 6 nonsurvivors admitted to 3 MERS-designated
hospitals. Old age, low albumin,
altered mentality and high pneumonia
severity index score at admission were
risk factors for mortality. In addition,
severe signs of inflammation at initial
presentation (at hospital days 1-4), such
as high inducible protein-10 (p=0.0013),
monocyte chemoattractant protein-1
(p=0.0007) and interleukin 6 (p=0.0007)
concentrations, and poor viral control
(high viral load at hospital days 5–10,
p<0.001) without adequate antibody
titres (low antibody titre at hospital days
11–16, p=0.07) during the course of
disease, were associated with mortality.

Key messages
What is the key question?

What are the pathophysiological
mechanisms underlying mortality in
Middle East respiratory syndrome
(MERS)?

What is the bottom line?

Severe signs of inflammation at
initial presentation, such as high
inducible protein-10, monocyte
chemoattractant protein-1 and
interleukin-6 concentrations, and poor
viral control without adequate antibody
titres during the course of disease, are
strongly associated with mortality in
MERS-infected patients.

Why read on?

This study is the first to investigate the
clinical, serological and immunological
factors for fatal outcomes of patients
with MERS, which are important for
understanding the mechanisms by
which MERS-coronavirus causes severe
illness/fatal outcomes in humans and for
developing the prognostic markers for
survival of patients.

Introduction

The mechanisms by which Middle
East respiratory syndrome coronavirus
(MERS-CoV) causes severe illness and
fatal outcomes in humans are largely
unknown. Progressive immune-associated injury, hypercytokinaemia, and
inadequate adaptive immune responses
have been suggested as possible mechanisms. However, there are limited
data on immune responses in MERS-infected patients.1 2 The combined interpretation of clinical manifestations
with
cytokine/chemokine
concentrations, viral loads and immune
responses has helped in understanding
the pathogenesis of many viral infections. We therefore analysed the clinical manifestations together with
detailed cytokine/chemokine concentrations, viral shedding and antibody
kinetics in patients with MERS. We
also attempted to determine clinical,
serological and immunological factors
for fatal outcomes of patients with
MERS.

Methods

All MERS-confirmed patients who
were admitted to three MERS-designated hospitals between 20 May
2015 and 18 July 2015 were prospectively enrolled. MERS-CoV infection
was confirmed by positive real-time
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RT-PCR at the Korea Centre for
Diseases Control and Prevention. We
stored leftover specimens, including
blood samples and respiratory specimens. About 500 µL of plasma samples
were stored at −70°C for viral load
analysis, and the remaining plasma was
irradiated with 6 million rad from a
60
Co gamma source for cytokine and
antibody analysis, as described previously. 3 Respiratory specimens (sputum
or tracheal aspirates) were obtained
similarly and stored at −70°C. The
institutional review boards agreed that
informed consent should be waived in
accordance with the hospital policies
for emergent responses. The detailed
procedures for MERS-CoV RT-PCR,
cytokine analysis, and MERS-CoV
serology are described in the online
technical appendix. For statistical
analyses, categorical variables were
compared with Fisher’s exact test or
the χ2 test, as appropriate, and continuous variables were compared with the
Mann–Whitney U test or Student t test.
Cytokine/chemokine
concentrations
were compared using repeated measures analysis of variance or the Mann–
Whitney U test. All tests of significance
were two-tailed and p values of ≤0.05
were considered significant.
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Results
A total of 30 patients with MERS
confirmed
by
MERS-CoV-specific
RT-PCR of respiratory specimens were
enrolled in this study. Their baseline
clinical characteristics and outcomes
are shown in table 1. Old age, low
albumin, altered mentality and high
pneumonia severity index (PSI) score
at admission were identified as risk
factors for mortality. However, initial
WBC count, platelet count, liver
enzyme, and C-reactive protein were
not associated with mortality.
Detailed expression profiles of
cytokines/chemokines in response to
MERS-CoV infection during hospitalisation are shown in figure 1 and supplementary figure 1. Serum concentrations
of inducible protein-10 (IP-10), monocyte
chemoattractant
protein-1
(MCP-1) and interleukin-6 (IL-6)
during hospitalisation were significantly higher in the patients who
died than in those who recovered
(figure 1A-C), and, more importantly,
these cytokines/chemokines concentrations during the early stage of MERS
(HD 1–4) were particularly elevated
in non-survivors compared with survivors (figure 1D-F, p=0.0013 for IP-10,
p=0.0007 for MCP-1 and p=0.0007
for IL-6).
The
median
time
(IQR)
between taking a sample which showed
a negative result with RT-PCR for
MERS-CoV and symptom onset was
19 days (15–21). Detailed kinetics of
viral loads in respiratory specimens
of survivors and non-survivors are
shown in online supplemental figure
2A. There was no significant difference
in respiratory viral load at admission
(table 1). However, a high viral load in
respiratory specimens after 1 week was
found to be a risk factor for mortality
(table 1 and online supplemental figure
2A). The median time (IQR) to positive conversion of immunofluorescent antibody (IFA) titre (≥1:640) for
MERS-CoV from symptom onset was
18 days (17–23). Detailed kinetics of
IFA titres in survivors and non-survivors
are shown in online supplemental figure
2B. In addition, a low antibody titre at
2 weeks showed a trend towards association with mortality (low IFA antibody
titre (<1:640)(100% (4/4, non-survivors)) compared with high antibody
titre (≥1:640)(33% (3/9, survivors),
p=0.07, table 1). In summary, our
data show that delayed viral clearance
without an adequate antibody response
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Predictors of mortality in
Middle East respiratory
syndrome (MERS)
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Total (n=30)

Survivors (n=24)

Non-survivors (n=6)

p Value

Age (years), mean ± SD

49±13

46±13

59±8

0.03

Male gender

19 (63)

14 (58)

5 (83)

0.37

Healthcare workers

8 (27)

7 (29)

1 (17)

>0.99

 Second generation

2 (7)

2 (8)

0

>0.99

 Third generation†

22 (73)

17 (71)

5 (83)

>0.99

 Fourth generation

6 (20)

5 (21)

1 (17)

>0.99

 None

19 (63)

15 (63)

4 (67)

>0.99

 Diabetes mellitus

4 (13)

3 (13)

1 (17)

>0.99

 Hypertension

6 (20)

4 (17)

2 (33)

0.57

 Chronic kidney disease

1 (3)

1 (4)

0

>0.99

 Chronic heart disease

1 (3)

1 (4)

0

>0.99

 Chronic lung disease

1 (3)

0

1 (17)

 Solid tumour

8 (27)

8 (33)

0

0.16

 Obesity

2 (7)

2 (8)

0

>0.99

Smoking

5 (17)

4 (17)

1 (17)

>0.99

Pneumonia severity index, median (IQR)

49 (37–75)

46 (36–63)

119 (47–169)

0.02

Altered mental status

2 (7)

0

2 (33)

0.03

 WBC (/μL), median (IQR)

3975 (3010–5200)

3825 (3118–5075)

4900 (2630–9065)

0.35

 Haemoglobin (g/dL), median (IQR)

13.7 (13.1–15.3)

13.8 (13.3–16.1)

13.3 (10.9–14.8)

0.24

 Platelets (/μL), median (IQR)

1 40 000 (1 09 500–
1 85 000)

1 48 500 (1 10 800–
18650)

1 20 000 (1 01 800–
1 43 500)

0.15

 BUN (mg/dL), median (IQR)

12 (9–18)

12 (9–16)

18 (5–32)

0.55

 Creatinine (mg/dL), median (IQR)

0.7 (0.6–1.0)

0.7 (0.6–0.9)

0.8 (0.7–1.4)

0.16

 Albumin (g/dL), median (IQR)

3.8 (3.5–4.4)

3.8 (3.5–4.4)

3.2 (2.5–3.7)

0.02

 AST (IU/L), median (IQR)

41 (27–93)

36 (27–96)

61 (32–136)

0.47

 ALT (IU/L), median (IQR)

33 (20–50)

32 (20–46)

41 (15–71)

0.69

 C-reactive protein (mg/dL), median (IQR)

2.2 (1.0–5.3)

1.9 (0.8–4.0)

7.0 (1.1–12.7)

0.15

Time from symptom onset to admission (days), median (IQR)

5 (4–10)

5 (3–9)

6 (5–10)

0.52

Time from hospital admission to defervescence (days), median (IQR)

8 (4–14)

7 (3–12)

15 (8–22)

0.06

Time from hospital admission to hospital discharge (days), median (IQR)

13 (10–17)

13 (10–16)

18 (5–20)

0.48

Time from hospital admission to antiviral therapy (days)‡, median (range)

0 (0–4)

0 (0–4)

0 (0–1)

0.66

 Interferon-alpha + lopinavir/ritonavir + ribavirin

30 (100)

24 (100)

6 (100)

>0.99

 Convalescent plasma therapy

2 (7)

1 (4)

1 (17)

0.37

 IVIG

3 (10)

0

3 (50)

0.005

 Steroids

1 (3)

0

1 (17)

0.20

 Broad-spectrum antibiotics

12 (40)

7 (29)

5 (83)

0.03

Haemodialysis

2 (7)

0

2 (33)

0.03

Mechanical ventilation

8 (27)

2 (8)

6 (100)

<0.001

ECMO

2 (7)

1 (4)

1 (17)

0.37

 MERS viral loads (RT-PCR Ct value) from respiratory samples on HD 1–4, median 28.3 (22.6–35.8)
(IQR)

29.1 (26.2–36.6)

21.1 (19.3-NA)

0.12

 The presence of MERS viraemia on HD 1–4

12/16 (75)

9/13 (69)

3/3 (100)

0.53

 IP-10 on HD 1–4 (pg/mL), median (IQR)

1848 (382–5377)

856 (290–1994)

5465 (4729–7076)

0.001
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Table 1 Baseline clinical characteristics, viral load, antibody titre, cytokine/chemokine and outcomes in 30 patients with Middle East respiratory
syndrome (MERS)

Generations of secondary infection*

Underlying disease

0.20

Laboratory finding

Treatment

At admission

Continued
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Continued
Survivors (n=24)

Non-survivors (n=6)

p Value

Age (years), mean ± SD

49±13

46±13

59±8

0.03

 MCP-1 on HD 1–4 (pg/mL), median (IQR)

273 (85–1498)

93 (54–324)

1565 (1171–2923)

<0.001

46 (0–287)

12 (0–64)

333 (233–617)

<0.001

MERS viral loads (RT-PCR Ct value) of respiratory samples on HD 5–10 (1 week),
median (IQR)

37.0 (30.6–38.0)

37.6 (36.3–38.1)

28.1 (23.7-NA)

<0.001

MERS viral loads of (RT-PCR Ct value) respiratory samples on HD 11–16
(2 weeks), median (IQR)

36.4 (33.9–38.5)

36.8 (34.6–38.7)

29.0 (31.8-NA)

0.11

The presence of MERS viraemia on HD 5–10 (1 week)

7/17 (41)

5/14 (36)

2/3 (67)

0.54

The presence of MERS viraemia on HD 11–16 (2 weeks)

3/9 (33)

2/7 (29)

1/2 (50)

>0.99

IP-10 on HD 5–10 (1 week) (pg/mL), median (IQR)

840 (298–2807)

426 (237–858)

2991 (1712–4230)

<0.001

MCP-1 on HD 5–10 (1 week) (pg/mL), median (IQR)

179 (80–526)

124 (46–219)

532 (276–656)

IL-6 on HD 5–10 (1 week) (pg/mL), median (IQR)

20 (7–95)

11 (0–37)

109 (57–165)

IP-10 on HD 11–16 (2 weeks) (pg/mL), median (IQR)

419 (249–851)

253 (171–314)

791 (441–1239)

<0.001

MCP-1 on HD 11–16 (2 weeks) (pg/mL), median (IQR)

315 (108–888)

127 (75–181)

888 (596–1183)

<0.001

IL-6 on HD 11–16 (2 weeks) (pg/mL), median (IQR)

70 (17–126)

19 (3–77)

197 (64–170)

0.007

Low IFA antibody titre (<1:640) on HD 11–16 (2 weeks)

7/13 (54)

3/9 (33)

4/4 (100)

0.07

9/12§ (75)

5/8 (63)

4/4 (100)

0.49

4/6 (67)

1/3 (33)

3/3 (100)

0.40

3/6 (50)

1/3 (33)

2/3 (67)

>0.99

IL-6 on HD 1–4 (pg/mL), median (IQR)
During the course of disease

Low pseudovirus neutralisation assay antibody titre (≤1:320) on HD 17–24
(3 weeks)
Low IFA antibody titre (<1:640) on HD 17–24 (3 weeks)
Low pseudovirus neutralisation assay antibody titre (≤1:320) on HD 17–24
(3 weeks)

0.005
0.002

*The first patient with confirmed MERS who triggered the 186 Korea MERS outbreak was defined as generation zero. The patients infected by this patient zero comprised the
first generation, followed by the second generation, third generation and fourth generation.
†One patient could not find any epidemiological link from this patient to the known confirmed MERS-CoV-infected patients in Korea outbreak, although exceptional
epidemiological investigations were performed to determine the transmission chain by the Korean government. He was classified as third generation without high confidence.
‡Antiviral therapy includes interferon-alpha, ribavirin, or lopinavir/ritonavir.
§Of the 13 plasma samples, one sample was too small amount for the pseudovirus neutralisation assay and was not included.
ALT, alanine transaminase; AST, aspartate aminotransferase; BUN, blood urea nitrogen; CoV, coronavirus; ECMO, extracorporeal membrane oxygenation; HD 1–4, hospital days
1–4; IFA, immunofluorescent antibody; IL-6, interleukin-6; IP-10, inducible protein-10; IVIG intravenous immunoglobulin; MCP-1, monocyte chemoattractant protein-1; WBC,
white blood cells.

during the late course of disease, rather
than the initial viral load is associated
with mortality (see online supplemental
figure 2C).

Discussion

It is well known that excessive expression of proinflammatory cytokines
and chemokines released by activated
immune cells and infected cells is also
involved in immunopathology and the
development of organ dysfunction.4
Indeed, the high concentrations of
IP-10 and MCP-1 and the proinflammatory cytokine IL-6 in non-survivors
with MERS indicate that the early
excessive innate immune response is a
critical factor leading to non-survival.
IP-10 elevation during the early stage
in non-survivors is reminiscent of its
marked elevation in the early stage
of severe acute respiratory syndrome
(SARS).5 However, one study has
reported that MCP-1 concentration is
low during the early stage of SARS,5
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although another study found that
both IP-10 and MCP-1 were elevated in
SARS.6 It is worth noting that the serum
concentrations of IP-10, MCP-1 and
IL-6 in non-survivors of MERS were
highest in the early phase of MERS-CoV
infection, suggesting that early intensive
treatment is needed in patients with
high serum concentrations of these
factors to prevent organ dysfunction
and reduce fatalities.
Interestingly, high viral loads during
the late stage rather than the early
stage of MERS were associated with
mortality. In addition, inadequate antibody titres during the late stage showed
a trend towards being associated with
mortality. Old age has been reported
to be an important risk factor for
death in patients with MERS,7 which
is consistent with our data (table 1).
These
demographic
characteristics
can be considered as proxies for the
ability to amount an adequate immune
response. Hence, poorly controlled

virus replication due to an inadequate
adaptive immune response, which is
associated with host factors, is important in the pathogenesis of fatal MERS.
In this context, more potent antiviral
agents are urgently needed to improve
the outcomes of MERS.
While the baseline characteristics
and outcomes between 30 patients in
this study and all the 186 patients in
the Korea MERS outbreak were similar
(data not shown), our findings may
not be generalisable to other MERS
outbreaks because neither the 186
patients nor the 30 patients enrolled
in this study were representative of
patients in the wide MERS outbreaks
that occur in the Middle East. Finally,
the number of patients (n=30) was too
small to perform multivariate analysis,
so we could not rule out any potential confounding factors. In addition,
this study might not have had sufficient power to detect the difference
in characteristics between survivors
Thorax March 2018 Vol 73 No 3
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Figure 1 (A–C) Serum inducible protein-10 (IP-10), monocyte chemoattractant protein-1 (MCP1) and IL-6 concentrations in patients with MERS. Serum concentrations of IP-10 (A), MCP-1 (B)
and interleukin-6 (IL-6) (C) in recovering patients were significantly higher than those in nonsurvivors. The data are presented as medians with interquartile ranges. (D–F) Serum IP-10 (D),
MCP-1 (E) and IL-6 (F) concentrations in HD 1–4 in survivors were significantly higher than those
in non-survivors. The data are presented as box-and-whisker plots with the median, IQR and
minimum to maximum values.
and non-survivors as shown in table 1.
Therefore, our study results should be
interpreted with caution.
In conclusion, severe inflammation
at initial presentation, reflected in
high IP-10, MCP-1 and IL-6 concentrations, and poor viral control without an
adequate antibody response during the
course of disease are associated with
mortality in MERS-infected patients.
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