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Background: Since September 2012, 170 confirmed infections with
Middle East respiratory syndrome coronavirus (MERS-CoV) have
been reported to the World Health Organization, including 72
deaths. Data on critically ill patients with MERS-CoV infection are
limited.

Objective: To describe the critical illness associated with
MERS-CoV.

Design: Case series.

Setting: 3 intensive care units (ICUs) at 2 tertiary care hospitals in
Saudi Arabia.

Patients: 12 patients with confirmed or probable MERS-CoV
infection.

Measurements: Presenting symptoms, comorbid conditions, pul-
monary and extrapulmonary manifestations, measures of severity of
illness and organ failure, ICU course, and outcome are described, as
are the results of surveillance of health care workers (HCWs) and
patients with potential exposure.

Results: Between December 2012 and August 2013, 114 patients
were tested for suspected MERS-CoV; of these, 11 ICU patients
(10%) met the definition of confirmed or probable cases. Three of

these patients were part of a health care-associated cluster that also
included 3 HCWSs. One HCW became critically ill and was the 12th
patient in this case series. Median Acute Physiology and Chronic
Health Evaluation Il score was 28 (range, 16 to 36). All 12 patients
had underlying comorbid conditions and presented with acute se-
vere hypoxemic respiratory failure. Most patients (92%) had ex-
trapulmonary manifestations, including shock, acute kidney injury,
and thrombocytopenia. Five (42%) were alive at day 90. Of the
520 exposed HCWs, only 4 (1%) were positive.

Limitation: The sample size was small.

Conclusion: MERS-CoV causes severe acute hypoxemic respira-
tory failure and considerable extrapulmonary organ dysfunction
and is associated with high mortality. Community-acquired and
health care-associated MERS-CoV infection occurs in patients with
chronic comorbid conditions. The health care-associated cluster
suggests that human-to-human transmission does occur with un-
protected exposure.
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n September 2012, a new coronavirus was isolated
for the first time from a patient in Saudi Arabia, who
presented with acute pneumonia and renal failure (1).
The virus was identified as a human [B-coronavirus and
was subsequently named “Middle East respiratory syn-
drome coronavirus” (MERS-CoV) (2). Since then, 170
laboratory-confirmed cases of infection with MERS-CoV
have been reported to the World Health Organization,
including 72 deaths (3). The disease has a high fatality rate
and has several clinical features that resemble the infection
caused by the severe acute respiratory syndrome coronavi-
rus (SARS-CoV) (4). As such, there has been concern that
the virus has the potential to cause a pandemic. World
knowledge about this virus is accumulating, but data on
critically ill patients infected with MERS-CoV are limited.
We describe the clinical course and outcomes of 12
critically ill patients with MERS-CoV admitted to 3 inten-
sive care units (ICUs) in 2 tertiary hospitals in Saudi
Arabia.

METHODS

The study was approved by the Institutional Review
Board of the National Guard Health Affairs, Riyadh, Saudi

Arabia, and consent was not required.
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Setting

The Saudi Arabian National Guard Health Affairs
serves close to 1 million individuals of the Saudi Arabian
National Guard soldiers and their dependents through a
primary, secondary, and tertiary health care system that
includes 4 tertiary care hospitals and more than 90 primary
health care clinics. We report on critically ill patients with
MERS-CoV infection from 1 ICU (a medical-surgical
ICU referred to as “ICU 17) at King Abdulaziz Hospital,
Al-Ahsa, and from 2 ICUs (a medical-surgical ICU and a
cardiac ICU, referred to as “ICU 2” and “ICU 3,” respec-
tively) at King Abdulaziz Medical City, Riyadh. Although
ICU 2 and ICU 3 are located in the same hospital, they are
in geographically separate locations and have limited staff
Crossover.

Both hospitals have board-certified intensivists who
treat patients in closed medical-surgical ICUs and provide
consultations to patients in the cardiac ICU as required.
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Context

Middle East respiratory syndrome coronavirus (MERS-CoV)
is an emerging pathogen with a clinical spectrum that is
not yet fully delineated.

Contribution

Twelve hospitalized patients found to have MERS-CoV
infection all required intensive care, including mechanical
ventilation. Underlying comorbid disease was present in all
patients. Extrapulmonary involvement was common. Vari-
ous treatments were tried. Mortality was high. Three cases
were nosocomially acquired, and 1 health care worker was
among the case patients.

Caution

A small case series may not be representative of all pa-
tients presenting to hospitals with MERS-CoV infection.

Implication

Additional information on optimal management of
MERS-CoV infection is urgently needed.

—The Editors

The hospitals are accredited by the Joint Commission In-
ternational and have Infection Prevention and Control
programs that work collaboratively with the ICU staff.
Hand-hygiene compliance in the ICUs for 2012 was 85%
to 98%, and the influenza vaccination rate among health
care workers (HCWs) was 83%.

Since the first case of MERS-CoV was identified in
Saudi Arabia in September 2012, the National Guard hos-
pitals along with all other health care facilities in Saudi
Arabia implemented the guidelines for testing of suspected
cases and screening (surveillance of potential exposures) for
MERS-CoV according to Ministry of Health directives.
The multidisciplinary outbreak committee was reactivated
to manage the current MERS-CoV outbreak. The infec-
tion control precautions for suspected MERS-CoV in-
cluded placement of patients in a single-bed negative-
pressure room and the use of personal protective
equipment (N-95 mask, gown, and gloves) by HCWs.
This study includes all cases encountered from December
2012, the date of the first suspected case, until August
2013. The first confirmed case of MERS-CoV was in May
2013 in Al-Ahsa and in June 2013 in Riyadh. The time
frame overlaps with that of a previously reported case se-
ries, and the authors cannot entirely exclude the possibility
that 1 or 2 of the patients in the current report have been
included in the previous case series.

Patients

Infection with MERS-CoV was suspected in patients
presenting with acute respiratory illness and chest radio-
graphs suggestive of pneumonia and the acute respiratory
distress syndrome (ARDS), especially if the patient re-
quired ICU admission. Suspected cases were tested for
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MERS-CoV with real-time polymerase chain reaction
(RT-PCR), using the recommended sampling technique
(nasopharyngeal swab and tracheal aspirates or bronchoal-
veolar lavage in intubated patients). In suspected cases with
negative RT-PCR results, the test was repeated at the dis-
cretion of the treating physician. The HCWs and ICU
patients who were potentially exposed to MERS-CoV were
systematically screened. Samples were tested at the regional
reference laboratory of the Saudi Arabian Ministry of
Health and the hospital laboratory at King Abdulaziz Med-
ical City, Riyadh, as described elsewhere (5). The RT-PCR
amplification targeted both the upstream E protein (upE
gene) and ORF1a for confirmation.

Definitions

We included all patients admitted to ICUs with con-
firmed or probable MERS-CoV infection as defined by the
World Health Organization (6). A confirmed case was de-
fined as a suspected case with a positive result for MERS-
CoV on RT-PCR. A probable case was defined as a
suspected case if the RT-PCR result for MERS-CoV was
unavailable, negative, or inconclusive in a patient with an
epidemiologic link to a patient with confirmed MERS-
CoV (6).

Data on demographic characteristics, contact history
with a MERS-CoV confirmed case patient, underlying
comorbid conditions, presenting symptoms, and radio-
graphic findings were collected from the medical records.
On the day of intubation, we assessed severity of illness by
using Acute Physiology and Chronic Health Evaluation II
scores and Sequential Organ Failure Assessment (SOFA)
scores (7). On days 1, 3, 7, and 14 of intubation, we
documented laboratory and ventilator variables and arterial
blood gases. Leukopenia was defined as leukocyte count
less than 4.0 X 107 cells/L, lymphopenia as a lymphocyte
count less than 1.5 X 107 cells/L, and thrombocytopenia
as a platelet count less than 140 X 107 cells/L. Aspartate
aminotransferase and alanine aminotransferase levels were
considered elevated if they were more than twice the upper
reference limit (34 U/L and 55 U/L, respectively).

We recorded the time course of the patient’s illness,
microbiological test results, and treatments received. We
also recorded the following outcomes: duration of mechan-
ical ventilation, ICU length of stay, and survival to ICU
discharge, at day 28 and at day 90.

Role of the Funding Source
This study did not receive external funding.

RESULTS

During the 9-month study period in the 2 hospitals,
114 patients were suspected of having and were tested for
MERS-CoV infection (Figures 1 and 2). Of these, 10 ICU
patients (9%) met the definition of confirmed cases, and
1 (1%) was a probable case. Among these cases, 8 were
community-acquired, and 3 occurred in patients in ICU 3
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(the cardiac ICU) who were part of a health care-associ-
ated cluster that included HCWs. In the latter patients, the
initial hospitalization was for aortic valve replacement, cor-
onary artery bypass graft surgery, or pericardiectomy for
constrictive pericarditis. All of the hospitalized patients
with confirmed MERS-CoV infection required ICU ad-
mission.

In addition, 23 cardiac ICU patients were screened as
part of active surveillance because of possible contact with
confirmed HCW cases; all tested negative. The surveillance
also included 520 HCWs who were screened for MERS-
CoV; only 4 (1%) were positive. Three of the infections in
HCWs occurred as a part of the health care—associated
MERS-CoV cluster. These HCWs were nurses reported to
have had exposure, without the use of personal protective
equipment, to patients who were subsequently confirmed
to have MERS-CoV infection. Only 1 of the HCWs (pa-
tient L), who had asthma, became severely ill and required
ICU admission and is fully described in this series along
with the other 11 patients. The other HCWs were mildly
symptomatic or asymptomatic and were managed at home
until the RT-PCR result was negative. Figure 1 shows the
distribution of these cases between the 2 hospitals in Al-
Ahsa and Riyadh.

Clinical Presentation

The demographic and clinical characteristics of the 12
critically ill patients with confirmed or probable MERS-
CoV infection are shown in Table 1 and Appendix Tables
1 to 3 (available at www.annals.org). The median age of
the patients was 59 years (range, 36 to 83 years). Eight
patients (67%) were male.

The presenting symptoms were mainly those of lower
respiratory tract infection (dyspnea in 11 patients [92%],
cough in 10 [83%], and fever in 8 [67%]); in contrast,
symptoms of upper respiratory tract infection were infre-
quent (Table 1). The median interval from onset of symp-
toms to the emergency department visit was 1 day; to ICU
admission, 2 days; and to intubation, 4.5 days (range for all
time frames, 0 to 33 days). Figure 3 summarizes the time
course of disease.

The median Acute Physiology and Chronic Health
Evaluation II score was 28 (range, 16 to 36), and the me-
dian SOFA score was 9 (range, 3 to 12). Each patient had
at least 1 comorbid condition (Table 1); the median num-
ber of comorbid conditions was 3 (range, 1 to 6). Animal
exposure was documented for 2 patients; in both instances,
the animals (a camel and a domestic cat) were not appar-

ently ill.

Respiratory Manifestations and Support

Acute severe hypoxemic respiratory failure was the
prominent feature of the presentation, and all patients re-
quired invasive mechanical ventilation (Table 2). Before
intubation, 5 patients had received a failed trial of nonin-
vasive positive-pressure ventilation (NIPPV). Chest radiog-
raphy at the time of intubation showed airspace changes

www.annals.org
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Figure 1. Map of the Kingdom of Saudi Arabia showing the
2 study hospitals, the number of suspected and confirmed
MERS-CoV infections in patients, and the number of HCWs
screened and cases confirmed in HCWs.
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ICU 1 is located in Al-Ahsa and ICU 2 and ICU 3 in Riyadh. HCW =
health care worker; ICU = intensive care unit; KAH = King Abdulaziz
Hospital; KAMC = King Abdulaziz Medical City; MERS-CoV = Mid-
dle East respiratory syndrome coronavirus; UAE = United Arab
Emirates.

that ranged from unilateral lobar to bilateral diffuse in-
volvement consistent with ARDS (Appendix Figure, avail-
able at www.annals.org). Chest computed tomography was
performed in 3 patients and confirmed the same patterns
(Figure 4).

All patients received intravenous sedation, and 4
(33%) patients received neuromuscular blockade. Because
of refractory hypoxemia, nitric oxide was used in 6 (50%)
patients, prone positioning in 3 (25%), and high-
frequency oscillation ventilation (HFOV) in 2 (17%) as
rescue therapy. No patient was treated with extracorporeal
membrane oxygenation. The median duration of mechan-
ical ventilation was 16 days (range, 4 to 30 days). Trache-
ostomy was performed in 3 patients (25%).

Nonrespiratory Manifestations and Support

Eleven patients (92%) had at least 1 extrapulmonary
manifestation. Individual organ components of the SOFA
score are shown in Appendix Table 3 (available at www
.annals.org).

Circulatory

Vasopressors were required in 8 patients (67%) on day
1 and in 11 patients (92%) during the ICU stay. Echocar-
diography was performed in 11 patients, and all showed no
acute change in myocardial function.

Renal
Acute kidney injury that required renal replacement
therapy occurred in 7 patients (58%).

18 March 2014 Volume 160 ® Number 6|391
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Hepatic

The aspartate aminotransferase level was elevated in 6
patients on day 1 and in 8 patients during the ICU stay.
The alanine aminotransferase level was elevated in 2 pa-
tients on day 1 and in 5 patients during the ICU stay.

Hematologic

Nine patients (75%) had lymphopenia on day 1, and
11 (92%) had it during the ICU stay. Thrombocytopenia
was noted in 2 patients on day 1 and in 7 patients (58%)
during the ICU stay.

Gastrointestinal

Diarrhea was noted in 2 patients. Three patients had
acute abdomen during the ICU stay. One patient, who had
diabetes and peripheral vascular disease, developed isch-
emic bowel; abdominal computed tomography revealed
pneumatosis intestinalis, and the patient required hemico-
lectomy. The other 2 patients had negative laparotomies.

Microbiological Investigations

One patient was co-infected with methicillin-resistant
Staphylococcus aureus and influenza B and another with
Streptococcus pneumoniae.

Figure 5 shows the results of sequential RT-PCR test-
ing. Eleven patients had positive results. Infection with

MERS-CoV was considered probable in 1 patient because
of high clinical suspicion and an epidemiologic link to a
confirmed positive MERS-CoV case that was identified af-
ter he had died; hence, no test was performed for this
patient.

Antimicrobial Therapy, Corticosteroids, and Intravenous
Immunoglobulin

All patients received broad-spectrum antimicrobials,
and 7 patients (58%) received oseltamivir empirically.
None of the patients received ribavirin or interferon-.
Low-dose hydrocortisone (=300 mg/d) was given to 5 pa-
tients (42%) for shock and methylprednisolone (120 to
1000 mg/d) was given to 5 other patients (42%). One
patient received intravenous immunoglobulin and high-
dose corticosteroids for thrombocytopenia, with an im-
provement in platelet count.

Outcomes

Among the 12 patients, 7 (58%) were alive at day 28,
5 (42%) were alive at ICU discharge, and 5 (42%) were
alive at day 90. The median ICU length of stay was 30
days (range, 7 to 104 days). The median hospital length of
stay was 41 days (range, 8 to 96 days), excluding 1 patient
who was still in the hospital at the time of submission.
Table 3 summarizes other outcomes.

Figure 2. Study flow diagram.
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DiscussioN

We report on 12 critically ill patients with confirmed
or probable MERS-CoV infection. Among these cases were
3 cardiac ICU patients who were part of a health care—
associated MERS-CoV cluster in 1 ICU. This cluster also
included 3 HCWs, one of whom became critically ill. All
critically ill patients had underlying comorbid conditions
and developed acute respiratory failure that was character-
ized by severe hypoxemia and illness, a high incidence of
extrapulmonary manifestations, and a high mortality rate.

Table 1. Characteristics of Patients With Confirmed or
Probable Middle East Respiratory Syndrome Coronavirus

Infection
Variable Value (n = 12)
Median age (range), y 59 (36-83)

Men, n (%) 8 (67)
Median body mass index (range), kg/m? 31.8 (21.6-46.1)

Median time from onset of symptoms to presentation 1(0-33)
in the emergency department (range), d*
Median time from onset of symptoms to ICU 2 (0-33)
admission (range), d
Median time from onset of symptoms to intubation 4.5 (0-33)
(range), d
Health care worker, n (%) 1(8)
Health care-associated infection, n (%) 3 (25)
Country of origin, n (%)
Saudi Arabia 9 (75)
Pakistan 1(8)
Philippines 1(8)
Egypt 1(8)
APACHE Il score 28 (16-36)
Smokers, n (%) 4 (33)
Presenting symptoms, n (%)
Dyspnea 11 (92)
Cough 10 (83)
Fever (temperature =38 °C) 8 (67)
Myalgia or arthralgia 3 (25)
Headache 2(17)
Diarrhea 2(17)
Weakness 2(17)
Wheezing 2(17)
Sputum production 2(17)
Rhinorrhea 1(8)
Nausea 1(8)
Blood in sputum 1(8)
Sore throat 1(8)
Comorbid conditions, n (%)
Diabetes 8 (67)
Hypertension 6 (50)
Renal insufficiency 5 (42)
Myocardial infarction 4(33)
Cardiac surgery 3(25)
Cerebrovascular accident 3 (25)
Obesity 3 (25)
Congestive heart failure 2(17)
Peripheral vascular disease 2(17)
Asthma 1(8)
Dialysis dependency 1(8)
Kidney and liver transplant 1(8)
Malignant melanoma 1(8)
Neuromuscular disease 1(8)
Valvular disease 1(8)

APACHE = Acute Physiology and Chronic Health Evaluation; ICU = intensive
care unit.
* Excluding health care-associated infections.
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Figure 3. Timeline of the clinical course of the study
patients.
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The beginning of the solid lines refers to the onset of MERS-CoV symp-
toms. The different line colors indicate the 3 different intensive care
units (ICU 1 in Al-Ahsa and ICU 2 and ICU 3 in Riyadh). The dashed
line indicates the time in the hospital before the onset of MERS-CoV
symptoms in patients with health care-associated infection. Patient G
was still in the hospital as of 9 January 2014. ICU = intensive care unit
MERS-CoV = Middle East respiratory syndrome coronavirus.

The clinical features of MERS-CoV disease observed
in our patients bear some resemblance to those in critically
ill patients with disease caused by SARS-CoV (5). For ex-
ample, patients with MERS-CoV infection presented with
acute hypoxemic respiratory failure requiring invasive me-
chanical ventilation, therapy with NIPPV frequently failed
in these patients, and they often had severe hypoxemia
necessitating rescue therapy.

However, our case series also demonstrates some im-
portant differences from SARS-CoV infection. All of our
patients had underlying comorbid conditions, including
asthma, diabetes, renal failure, cardiac disease, recent sur-
gery, or heart failure. This high prevalence of comorbid
conditions may be explained in part by the high prevalence
of diabetes and hypertension in the Saudi population.
However, it also strongly suggests that patients with
such conditions are susceptible hosts for MERS-CoV.
There were no hospitalized patients with MERS-CoV in-
fection outside the ICU, which differs from a Canadian
study of SARS in which only 19% of patients were criti-
cally ill (8).

To date, the diagnostic characteristics of MERS-CoV
on RT-PCR, including the sensitivity and negative predic-

tive value, are unknown. A negative result could be related
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Table 2. Physiologic and Laboratory Variables of Patients on Days 1, 3, 7, and 14

Variable Day 1 (n = 12)
Median Flo, (range) 0.8 (0.4-1.0)
Median tidal volume (range), mL 450 (259-551)
Median PEEP (range), cm H,O 10 (5-14)
Median peak pressure (range), cm H,O 30 (20-36)*
Median mean airway pressure (range), cm H,O 16 (11-22)
Median respiratory rate (range), breaths/min 24 (15-35)
Median arterial blood gas values (range)
pH 7.3(7.1-7.4)
Paco,, mm Hg 46 (33-72)
Pao,, mm Hg 69 (39-248)
Bicarbonate, mEq/L 22 (15-28)
Median Pao,—Flo, ratio (range) 88 (76-413)

Median oxygenation index value (range)
Mode of ventilation, n (%)

0.16 (0.02-0.54)

Assist-control ventilation 11 (91.6)

Synchronized intermittent mandatory ventilation 1(8.3)

High-frequency oscillatory ventilation 0(0)
Median mean arterial pressure (range), mm Hg 63 (54-72)
Median systolic blood pressure (range), mm Hg 97 (80-129)
Median heart rate (range), beats/min 109 (88-140)
Median central venous pressure (range), cm H,O 14 (9-18)%
Median dopamine dosage (range), ug/kg per min 0 (0-10)
Median norepinephrine dosage (range), ug/kg per min 0.01 (0-0.50)
Median lactate level (range), mmol/L§ 1.2 (0.4-4.8)t

Median creatinine concentration (range)||
umol/L
mg/dL
Median AST level (range), U/L1
Median ALT level (range), U/L**
Median bilirubin level (range)tt

162 (41-1118)
1.83 (0.46-12.66)
72 (21-230)*
49 (12-163)*

wmol/L 13 (7-35)*

mg/dL 0.76 (0.40-2.04)
Median platelet count (range), x 10° cells/L++ 209 (109-497)*
Median leukocyte count (range), X 70° cells/L§§ 8.9 (1.0-20.5)
Median lymphocyte count (range), X 10° cells/L]|| 0.9 (0.3-2.7)*
Median SOFA score (range) 9(3-12)

Day 3 (n = 12)

0.6 (0.3-1.0)
412 (262-573)*
12 (5-18)*
32 (21-39)*
19 (13-30)
26 (5-32)

73(7.2-7.4)
49 (31-345)
67 (47-216)
23 (20-33)
108 (52-360)
0.16 (0.04-0.38)

10 (83.3)
1(8.3)
1(8.3)

63 (48-67)
103 (64-124)
101 (77-122)

11 (4-19)t
0 (0-5)

0.02 (0-0.70)

1.8 (0.6-20.1)t

142 (39-870)*

1.61 (0.44-9.85)
141 (15-1281)*
32 (5-224)%

26 (12-118)%
1.52 (0.70-6.90)
122 (53-466)t

8.7 (4.2-19.6)

0.6 (0.4-1.9)*

9 (4-13)

Day 7 (n = 10)

0.6 (0.3-1.0)
374 (314-460)*
14 (5-16)*
31 (24-36)*
22 (8-30)
27 (3-35)

7.3(7.2-7.4)

57 (38-70)

78 (51-112)

26 (20-34)
111 (55-299)
0.18 (0.03-0.52)

9 (90)
0(0)
1(10)

64 (52-100)
102 (74-175)
102 (76-121)

11 (8-16)t

0 (0-0)*
0.10 (0-0.77)
2(0.7-14.7)%

120.5 (48-343)
1.36 (0.54-3.88)
77 (18-205)%
39 (5-87)%

18 (7-185)%
1.05 (0.40-0.88)
255 (18-314)*
17.8(6.1-23.7)

0.8 (0.5-1.7)*
7 (0-14)

Day 14 (n =7)

0.6 (0.4-1.0)
432 (338-522)*
11 (8-14)*
31 (21-39)*
20 (13-23)t
25 (14-32)*

7.3 (7-7.5)

52 (36-69)

65 (58-93)

28 (18-42)
115 (69-205)
0.12 (0.07-0.24)

6 (85.7)
0(0)
1(14.3)

64 (59-70)
112 (80-129)
115 (79-144)

12 (8-18)*

0 (0-0)
0 (0-1)
1.7 (0.2-19.6)*

110 (40-415)
1.24 (0.45-4.70)
161 (24-823)t

130 (6-768)T

3(8-102)t
0.17 (0.47-5.96)
119 (8-364)
9.6 (5.6-39.7)
1.1 (0.4-2)*
5 (0-14)

ALT = alanine aminotransferase; AST = aspartate aminotransferase; PEEP = positive end-expiratory pressure; SOFA = Sequential Organ Failure Assessment.

* Missing 1 value.

T Missing 2 values.

¥ Missing 3-5 values.

§ Normal range, 0.5-2.2 mmol/L.

[ Normal range, 50-98 wmol/L (0.56-1.11 mg/dL).
9 Normal range, 5-34 U/L.

** Normal range, 5-55 U/L.

11 Normal range, 3.4-20.5 wmol/L (0.20-1.20 mg/dL).
++ Normal range, 150-400 X 10° cells/L.

§§ Normal range, 4.0-11.0 X 10° cells/L.

Il Normal range, 1.0-4.4 X 107 cells/L.

to timing of the test in the disease course; variable viral
shedding; and, most important, sample quality and tech-
nique, as well as transportation time to the reference labo-
ratory. In 2 of our patients, the result remained positive for
several weeks, and it seems that a persistent positive result
may not necessarily be associated with worse outcome or
infectiousness to others.

Use of a lung protective strategy with a small tidal
volume is the mainstay of management of ARDS (9). Re-
cent studies showed significant survival benefit with prone
positioning and neuromuscular blockade in patients with
ARDS (10, 11). Although the use of inhaled nitric oxide in
patients with severe ARDS causes a transient improvement
in oxygenation, it has not been shown to improve survival
and may be harmful (12). Of note, in vitro studies have
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shown that nitric oxide inhibits the replication cycle of
SARS-CoV (13). The clinical therapeutic relevance of this
finding to MERS-CoV infection is unknown.

The routine early use of HFOV in ARDS is not rec-
ommended because 2 recent trials showed no benefit and
possible harm (14, 15). However, HFOV may still have a
role as a rescue therapy, which was the case in our patients.
There have been concerns about aerosol generation and
possible increased risk for disease transmission with HFEOV
(16). A study examining SARS transmission to HCW's did
not show an association between HFOV and staff infec-
tion, but the sample size was insufficient to exclude sec-
ondary transmission with HFOV (17). In our patients, we
used filtered circuits because it has been suggested to re-
duce transmission (18).

www.annals.org
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Figure 4. Computed tomography images from 3 patients,
showing bilateral airspace disease.
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Extracorporeal membrane oxygenation was used dur-
ing the SARS and HIN1 influenza epidemics. However, it
was not used in any of our patients because of the presence
of multiple comorbid conditions, thrombocytopenia, and
extrapulmonary involvement.

Data are limited on the use of NIPPV in viral pneu-
monia in general. Although its use in acute lung injury is
associated with early physiologic improvement, it has not
been shown to decrease the need for intubation or to re-
duce mortality. In fact, it may increase adverse effects (19).
Furthermore, NIPPV is associated with aerosol generation
and may increase disease transmission (16). Five of our
patients were treated with NIPPV inidally; all eventually
required invasive ventilation.

The use of corticosteroids in viral pneumonia and
ARDS remains controversial. The evidence for corticoste-
roid use in other severe viral pneumonias, including
varicella zoster, HIN1, and SARS, is also insufficient (20—
22). A retrospective cohort study showed that the
corticosteroid-treated patients with SARS had a 20.7-fold
increase in mortality and ICU admission (23). The poten-
tial benefit of corticosteroids in ARDS may be limited to
the fibroproliferative phase of the disease (24), patients
with ARDS and shock (25), or use of low-dose corticoste-
roids (26). A randomized, controlled trial found that the
use of methylprednisolone for persistent ARDS was asso-
ciated with improvement in physiologic end points but did
not reduce mortality. In fact, patients who started methyl-
prednisolone therapy more than 2 weeks after the onset of
ARDS had increased risk for death (27). Whether there is
a specific role for corticosteroids in MERS-CoV is un-
known. The potential role of ribavirin and interferon-g for

Figure 5. Results of sequential real-time polymerase chain
reaction.
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The red circles indicate a positive result for MERS-CoV; green circles
indicate negative results. The open circle indicates that patient H did not
undergo testing because he was a probable MERS-CoV case patient.
ICU = intensive care unit; MERS-CoV = Middle East respiratory syn-
drome coronavirus.
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Table 3. Main Interventions and Outcomes

Variable Value
Noninvasive positive-pressure ventilation, n (%) 5 (42)
Invasive ventilation, n (%) 12 (100)
Neuromuscular blockade, n (%) 4 (33)
High-frequency oscillation ventilation, n (%) 2(17)
Nitric oxide, n (%) 6 (50)
Prone positioning, n (%) 3(25)
Barotrauma, n (%) 2(17)
Vasopressors, n (%) 11 (92)
Renal replacement therapy, n (%) 7 (58)
Tracheostomy, n (%) 3 (25)
Median duration of mechanical ventilation (range), d 16 (4-30)
Alive at day 28, n (%) 7 (58)
Alive at day 90, n (%) 5(42)
ICU survival, n (%) 5 (42)
Median ICU length of stay (range), d 30 (7-104)
Median hospital length of stay (range), d 41 (8-96)*

ICU = intensive care unit.
* One patient is still in the hospital.

the treatment of MERS-CoV is drawn from limited use in
patients with SARS and from in vitro studies on SARS-
CoV (28-30).

The pathogenesis of organ dysfunction in MERS-CoV
is unknown. A striking finding in our cases is the high
incidence of extrapulmonary manifestations, including cir-
culatory, renal, hepatic, and hematologic. It remains to be
studied whether the main pathogenic mechanism of organ
dysfunction is related to cytokine dysregulation, given the
high prevalence of lymphopenia in our patients. Other
possible mechanisms include direct viral invasion; the virus
was recovered from urine and stool in one report (31). The
response of severe thrombocytopenia to intravenous im-
munoglobulin in one of our patients suggests a possible
autoimmune mechanism.

Acute kidney injury requiring renal replacement ther-
apy occurred in our patients more often than has been
reported in SARS. Renal replacement therapy was required
in 58% of our patients, compared with 5% of critically ill
patients during the SARS epidemic in Canada (8). The
high prevalence may be related to preexisting comorbid
conditions, such as diabetes, old age, and hypertension.
The isolation of MERS-CoV from urine in one study
suggests the possibility of direct viral involvement of the
kidneys (31).

The low rate of transmission among HCWs in our
study is consistent with previous reports from the King-
dom of Saudi Arabia and the United Kingdom (32-34).
We believe that the low rate of transmission to HCW's was
related to effective infection control, lack of susceptible
hosts, and poor adaptability of the virus to human trans-
mission observed in this emerging pathogen thus far. How-
ever, it is clear from the health care—associated cluster that
human-to-human transmission occurs with unprotected
exposure. Therefore, there is a concern that MERS-CoV
may become highly infectious to humans with sustained
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human-to-human transmissibility. In such an event, along
with the high pathogenicity of the virus, MERS-CoV will
become a major public health threat worldwide (35).

Given the high mortality rate of this emerging infec-
tion and the lack of evidence for specific therapies, our
findings call for an urgent collaborative study to examine
therapeutic options, such as convalescent plasma or ribavi-
rin, interferon, or other novel drugs (36).

In conclusion, MERS-CoV infection causes severe re-
spiratory and substantial nonpulmonary organ dysfunc-
tions and has a high mortality rate. Community-acquired
and health care—associated MERS-CoV infection occurs in
patients with chronic comorbid conditions. Transmission
to HCWs seems to be low, although human-to-human
transmission does occur with unprotected exposure.
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Background: Since September 2012, 170 confirmed infections with
Middle East respiratory syndrome coronavirus (MERS-CoV) have
been reported to the World Health Organization, including 72
deaths. Data on critically ill patients with MERS-CoV infection are
limited.

Objective: To describe the critical illness associated with
MERS-CoV.

Design: Case series.

Setting: 3 intensive care units (ICUs) at 2 tertiary care hospitals in
Saudi Arabia.

Patients: 12 patients with confirmed or probable MERS-CoV
infection.

Measurements: Presenting symptoms, comorbid conditions, pul-
monary and extrapulmonary manifestations, measures of severity of
illness and organ failure, ICU course, and outcome are described, as
are the results of surveillance of health care workers (HCWs) and
patients with potential exposure.

Results: Between December 2012 and August 2013, 114 patients
were tested for suspected MERS-CoV; of these, 11 ICU patients
(10%) met the definition of confirmed or probable cases. Three of

these patients were part of a health care-associated cluster that also
included 3 HCWSs. One HCW became critically ill and was the 12th
patient in this case series. Median Acute Physiology and Chronic
Health Evaluation Il score was 28 (range, 16 to 36). All 12 patients
had underlying comorbid conditions and presented with acute se-
vere hypoxemic respiratory failure. Most patients (92%) had ex-
trapulmonary manifestations, including shock, acute kidney injury,
and thrombocytopenia. Five (42%) were alive at day 90. Of the
520 exposed HCWs, only 4 (1%) were positive.

Limitation: The sample size was small.

Conclusion: MERS-CoV causes severe acute hypoxemic respira-
tory failure and considerable extrapulmonary organ dysfunction
and is associated with high mortality. Community-acquired and
health care-associated MERS-CoV infection occurs in patients with
chronic comorbid conditions. The health care-associated cluster
suggests that human-to-human transmission does occur with un-
protected exposure.
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n September 2012, a new coronavirus was isolated
for the first time from a patient in Saudi Arabia, who
presented with acute pneumonia and renal failure (1).
The virus was identified as a human B-coronavirus and
was subsequently named “Middle East respiratory syn-
drome coronavirus” (MERS-CoV) (2). Since then, 170
laboratory-confirmed cases of infection with MERS-CoV
have been reported to the World Health Organization,
including 72 deaths (3). The disease has a high fatality rate
and has several clinical features that resemble the infection
caused by the severe acute respiratory syndrome coronavi-
rus (SARS-CoV) (4). As such, there has been concern that
the virus has the potential to cause a pandemic. World
knowledge about this virus is accumulating, but data on
critically ill patients infected with MERS-CoV are limited.
We describe the clinical course and outcomes of 12
critically ill patients with MERS-CoV admitted to 3 inten-
sive care units (ICUs) in 2 tertiary hospitals in Saudi
Arabia.

METHODS

The study was approved by the Institutional Review
Board of the National Guard Health Affairs, Riyadh, Saudi

Arabia, and consent was not required.

Downloaded From: http://annals.org/ on 11/01/2016

Setting

The Saudi Arabian National Guard Health Affairs
serves close to 1 million individuals of the Saudi Arabian
National Guard soldiers and their dependents through a
primary, secondary, and tertiary health care system that
includes 4 tertiary care hospitals and more than 90 primary
health care clinics. We report on critically ill patients with
MERS-CoV infection from 1 ICU (a medical-surgical
ICU referred to as “ICU 17) at King Abdulaziz Hospital,
Al-Ahsa, and from 2 ICUs (a medical-surgical ICU and a
cardiac ICU, referred to as “ICU 2” and “ICU 3,” respec-
tively) at King Abdulaziz Medical City, Riyadh. Although
ICU 2 and ICU 3 are located in the same hospital, they are
in geographically separate locations and have limited staff
crossover.

Both hospitals have board-certified intensivists who
treat patients in closed medical-surgical ICUs and provide
consultations to patients in the cardiac ICU as required.

See also:
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Context

Middle East respiratory syndrome coronavirus (MERS-CoV)
is an emerging pathogen with a clinical spectrum that is
not yet fully delineated.

Contribution

Twelve hospitalized patients found to have MERS-CoV
infection all required intensive care, including mechanical
ventilation. Underlying comorbid disease was present in all
patients. Extrapulmonary involvement was common. Vari-
ous treatments were tried. Mortality was high. Three cases
were nosocomially acquired, and 1 health care worker was
among the case patients.

Caution

A small case series may not be representative of all pa-
tients presenting to hospitals with MERS-CoV infection.

Implication

Additional information on optimal management of
MERS-CoV infection is urgently needed.

—The Editors

The hospitals are accredited by the Joint Commission In-
ternational and have Infection Prevention and Control
programs that work collaboratively with the ICU staff.
Hand-hygiene compliance in the ICUs for 2012 was 85%
to 98%, and the influenza vaccination rate among health
care workers (HCWs) was 83%.

Since the first case of MERS-CoV was identified in
Saudi Arabia in September 2012, the National Guard hos-
pitals along with all other health care facilities in Saudi
Arabia implemented the guidelines for testing of suspected
cases and screening (surveillance of potential exposures) for
MERS-CoV according to Ministry of Health directives.
The multidisciplinary outbreak committee was reactivated
to manage the current MERS-CoV outbreak. The infec-
tion control precautions for suspected MERS-CoV in-
cluded placement of patients in a single-bed negative-
pressure room and the use of personal protective
equipment (N-95 mask, gown, and gloves) by HCWs.
This study includes all cases encountered from December
2012, the date of the first suspected case, until August
2013. The first confirmed case of MERS-CoV was in May
2013 in Al-Ahsa and in June 2013 in Riyadh. The time
frame overlaps with that of a previously reported case se-
ries, and the authors cannot entirely exclude the possibility
that 1 or 2 of the patients in the current report have been
included in the previous case series.

Patients

Infection with MERS-CoV was suspected in patients
presenting with acute respiratory illness and chest radio-
graphs suggestive of pneumonia and the acute respiratory
distress syndrome (ARDS), especially if the patient re-
quired ICU admission. Suspected cases were tested for
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MERS-CoV with real-time polymerase chain reaction
(RT-PCR), using the recommended sampling technique
(nasopharyngeal swab and tracheal aspirates or bronchoal-
veolar lavage in intubated patients). In suspected cases with
negative RT-PCR results, the test was repeated at the dis-
cretion of the treating physician. The HCWs and ICU
patients who were potentially exposed to MERS-CoV were
systematically screened. Samples were tested at the regional
reference laboratory of the Saudi Arabian Ministry of
Health and the hospital laboratory at King Abdulaziz Med-
ical City, Riyadh, as described elsewhere (5). The RT-PCR
amplification targeted both the upstream E protein (upE
gene) and ORF1la for confirmation.

Definitions

We included all patients admitted to ICUs with con-
firmed or probable MERS-CoV infection as defined by the
World Health Organization (6). A confirmed case was de-
fined as a suspected case with a positive result for MERS-
CoV on RT-PCR. A probable case was defined as a
suspected case if the RT-PCR result for MERS-CoV was
unavailable, negative, or inconclusive in a patient with an
epidemiologic link to a patient with confirmed MERS-
CoV (6).

Data on demographic characteristics, contact history
with a MERS-CoV confirmed case patient, underlying
comorbid conditions, presenting symptoms, and radio-
graphic findings were collected from the medical records.
On the day of intubation, we assessed severity of illness by
using Acute Physiology and Chronic Health Evaluation II
scores and Sequential Organ Failure Assessment (SOFA)
scores (7). On days 1, 3, 7, and 14 of intubation, we
documented laboratory and ventilator variables and arterial
blood gases. Leukopenia was defined as leukocyte count
less than 4.0 X 10” cells/L, lymphopenia as a lymphocyte
count less than 1.5 X 107 cells/L, and thrombocytopenia
as a platelet count less than 140 X 107 cells/L. Aspartate
aminotransferase and alanine aminotransferase levels were
considered elevated if they were more than twice the upper
reference limit (34 U/L and 55 U/L, respectively).

We recorded the time course of the patient’s illness,
microbiological test results, and treatments received. We
also recorded the following outcomes: duration of mechan-
ical ventilation, ICU length of stay, and survival to ICU
discharge, at day 28 and at day 90.

Role of the Funding Source
This study did not receive external funding.

RESULTS

During the 9-month study period in the 2 hospitals,
114 patients were suspected of having and were tested for
MERS-CoV infection (Figures 1 and 2). Of these, 10 ICU
patients (9%) met the definition of confirmed cases, and
1 (1%) was a probable case. Among these cases, 8 were
community-acquired, and 3 occurred in patients in ICU 3
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(the cardiac ICU) who were part of a health care-associ-
ated cluster that included HCWs. In the latter patients, the
initial hospitalization was for aortic valve replacement, cor-
onary artery bypass graft surgery, or pericardiectomy for
constrictive pericarditis. All of the hospitalized patients
with confirmed MERS-CoV infection required ICU ad-
mission.

In addition, 23 cardiac ICU patients were screened as
part of active surveillance because of possible contact with
confirmed HCW cases; all tested negative. The surveillance
also included 520 HCWs who were screened for MERS-
CoV; only 4 (1%) were positive. Three of the infections in
HCWs occurred as a part of the health care—associated
MERS-CoV cluster. These HCWs were nurses reported to
have had exposure, without the use of personal protective
equipment, to patients who were subsequently confirmed
to have MERS-CoV infection. Only 1 of the HCWs (pa-
tient L), who had asthma, became severely ill and required
ICU admission and is fully described in this series along
with the other 11 patients. The other HCWs were mildly
symptomatic or asymptomatic and were managed at home
until the RT-PCR result was negative. Figure 1 shows the
distribution of these cases between the 2 hospitals in Al-
Ahsa and Riyadh.

Clinical Presentation

The demographic and clinical characteristics of the 12
critically ill patients with confirmed or probable MERS-
CoV infection are shown in Table 1 and Appendix Tables
1 to 3 (available at www.annals.org). The median age of
the patients was 59 years (range, 36 to 83 years). Eight
patients (67%) were male.

The presenting symptoms were mainly those of lower
respiratory tract infection (dyspnea in 11 patients [92%],
cough in 10 [83%], and fever in 8 [67%]); in contrast,
symptoms of upper respiratory tract infection were infre-
quent (Table 1). The median interval from onset of symp-
toms to the emergency department visit was 1 day; to ICU
admission, 2 days; and to intubation, 4.5 days (range for all
time frames, 0 to 33 days). Figure 3 summarizes the time
course of disease.

The median Acute Physiology and Chronic Health
Evaluation II score was 28 (range, 16 to 36), and the me-
dian SOFA score was 9 (range, 3 to 12). Each patient had
at least 1 comorbid condition (Table 1); the median num-
ber of comorbid conditions was 3 (range, 1 to 6). Animal
exposure was documented for 2 patients; in both instances,
the animals (a camel and a domestic cat) were not appar-

ently ill.

Respiratory Manifestations and Support

Acute severe hypoxemic respiratory failure was the
prominent feature of the presentation, and all patients re-
quired invasive mechanical ventilation (Table 2). Before
intubation, 5 patients had received a failed trial of nonin-
vasive positive-pressure ventilation (NIPPV). Chest radiog-
raphy at the time of intubation showed airspace changes
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Figure 1. Map of the Kingdom of Saudi Arabia showing the
2 study hospitals, the number of suspected and confirmed
MERS-CoV infections in patients, and the number of HCWs
screened and cases confirmed in HCWs.

Jordan Iraq

KAMC-Riyadh Kuwait an

Number of involved ICUs: 2
Patients with suspected MERS-CoV: 91
Patients with confirmed or probable
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Number of involved ICUs: 1
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Jeddah, Mecca  patients with confirmed MERS-CoV: 3
AlTaif  HCWs screened for MERS-CoV: 144
HCWs with confirmed MERS-CoV: 1
HCWs with MERS-CoV requiring ICU: 0 Oman

Red Sea

Yemen

ICU 1 is located in Al-Ahsa and ICU 2 and ICU 3 in Riyadh. HCW =
health care worker; ICU = intensive care unit; KAH = King Abdulaziz
Hospital; KAMC = King Abdulaziz Medical City; MERS-CoV = Mid-
dle East respiratory syndrome coronavirus; UAE = United Arab
Emirates.

that ranged from unilateral lobar to bilateral diffuse in-
volvement consistent with ARDS (Appendix Figure, avail-
able at www.annals.org). Chest computed tomography was
performed in 3 patients and confirmed the same patterns
(Figure 4).

All patients received intravenous sedation, and 4
(33%) patients received neuromuscular blockade. Because
of refractory hypoxemia, nitric oxide was used in 6 (50%)
patients, prone positioning in 3 (25%), and high-
frequency oscillation ventilation (HFOV) in 2 (17%) as
rescue therapy. No patient was treated with extracorporeal
membrane oxygenation. The median duration of mechan-
ical ventilation was 16 days (range, 4 to 30 days). Trache-
ostomy was performed in 3 patients (25%).

Nonrespiratory Manifestations and Support

Eleven patients (92%) had at least 1 extrapulmonary
manifestation. Individual organ components of the SOFA
score are shown in Appendix Table 3 (available at www
.annals.org).

Circulatory

Vasopressors were required in 8 patients (67%) on day
1 and in 11 patients (92%) during the ICU stay. Echocar-
diography was performed in 11 patients, and all showed no
acute change in myocardial function.

Renal
Acute kidney injury that required renal replacement
therapy occurred in 7 patients (58%).
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Hepatic

The aspartate aminotransferase level was elevated in 6
patients on day 1 and in 8 patients during the ICU stay.
The alanine aminotransferase level was elevated in 2 pa-
tients on day 1 and in 5 patients during the ICU stay.

Hematologic

Nine patients (75%) had lymphopenia on day 1, and
11 (92%) had it during the ICU stay. Thrombocytopenia
was noted in 2 patients on day 1 and in 7 patients (58%)
during the ICU stay.

Gastrointestinal

Diarrhea was noted in 2 patients. Three patients had
acute abdomen during the ICU stay. One patient, who had
diabetes and peripheral vascular disease, developed isch-
emic bowel; abdominal computed tomography revealed
pneumatosis intestinalis, and the patient required hemico-
lectomy. The other 2 patients had negative laparotomies.

Microbiological Investigations

One patient was co-infected with methicillin-resistant
Staphylococcus aureus and influenza B and another with
Streptococcus pneumoniae.

Figure 5 shows the results of sequential RT-PCR test-
ing. Eleven patients had positive results. Infection with

MERS-CoV was considered probable in 1 patient because
of high clinical suspicion and an epidemiologic link to a
confirmed positive MERS-CoV case that was identified af-
ter he had died; hence, no test was performed for this
patient.

Antimicrobial Therapy, Corticosteroids, and Intravenous
Immunoglobulin

All patients received broad-spectrum antimicrobials,
and 7 patients (58%) received oseltamivir empirically.
None of the patients received ribavirin or interferon-8.
Low-dose hydrocortisone (=300 mg/d) was given to 5 pa-
tients (42%) for shock and methylprednisolone (120 to
1000 mg/d) was given to 5 other patients (42%). One
patient received intravenous immunoglobulin and high-
dose corticosteroids for thrombocytopenia, with an im-
provement in platelet count.

Outcomes

Among the 12 patients, 7 (58%) were alive at day 28,
5 (42%) were alive at ICU discharge, and 5 (42%) were
alive at day 90. The median ICU length of stay was 30
days (range, 7 to 104 days). The median hospital length of
stay was 41 days (range, 8 to 96 days), excluding 1 patient
who was still in the hospital at the time of submission.
Table 3 summarizes other outcomes.

Figure 2. Study flow diagram.
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DiscussioN

We report on 12 critically ill patients with confirmed
or probable MERS-CoV infection. Among these cases were
3 cardiac ICU patients who were part of a health care—
associated MERS-CoV cluster in 1 ICU. This cluster also
included 3 HCWs, one of whom became critically ill. All
critically ill patients had underlying comorbid conditions
and developed acute respiratory failure that was character-
ized by severe hypoxemia and illness, a high incidence of
extrapulmonary manifestations, and a high mortality rate.

Table 1. Characteristics of Patients With Confirmed or
Probable Middle East Respiratory Syndrome Coronavirus

Infection
Variable Value (n = 12)
Median age (range), y 59 (36-83)

Men, n (%) 8 (67)
Median body mass index (range), kg/m? 31.8 (21.6-46.1)

Median time from onset of symptoms to presentation 1(0-33)
in the emergency department (range), d*
Median time from onset of symptoms to ICU 2 (0-33)
admission (range), d
Median time from onset of symptoms to intubation 4.5 (0-33)
(range), d
Health care worker, n (%) 1(8)
Health care-associated infection, n (%) 3(25)
Country of origin, n (%)
Saudi Arabia 9 (75)
Pakistan 1(8)
Philippines 1(8)
Egypt 1(8)
APACHE 11 score 28 (16-36)
Smokers, n (%) 4 (33)
Presenting symptoms, n (%)
Dyspnea 11 (92)
Cough 10 (83)
Fever (temperature =38 °C) 8 (67)
Myalgia or arthralgia 3(25)
Headache 2(17)
Diarrhea 2(17)
Weakness 2(17)
Wheezing 2(17)
Sputum production 2(17)
Rhinorrhea 1(8)
Nausea 1(8)
Blood in sputum 1(8)
Sore throat 1(8)
Comorbid conditions, n (%)
Diabetes 8(67)
Hypertension 6 (50)
Renal insufficiency 5 (42)
Myocardial infarction 4 (33)
Cardiac surgery 3 (25)
Cerebrovascular accident 3(25)
Obesity 3(25)
Congestive heart failure 2(17)
Peripheral vascular disease 2(17)
Asthma 1(8)
Dialysis dependency 1(8)
Kidney and liver transplant 1(8)
Malignant melanoma 1(8)
Neuromuscular disease 1(8)
Valvular disease 1(8)

APACHE = Acute Physiology and Chronic Health Evaluation; ICU = intensive
care unit.
* Excluding health care-associated infections.
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Figure 3. Timeline of the clinical course of the study
patients.
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The beginning of the solid lines refers to the onset of MERS-CoV symp-
toms. The different line colors indicate the 3 different intensive care
units (ICU 1 in Al-Ahsa and ICU 2 and ICU 3 in Riyadh). The dashed
line indicates the time in the hospital before the onset of MERS-CoV
symptoms in patients with health care—associated infection. Patient G
was still in the hospital as of 9 January 2014. ICU = intensive care unit;
MERS-CoV = Middle East respiratory syndrome coronavirus.

The clinical features of MERS-CoV disease observed
in our patients bear some resemblance to those in critically
ill patients with disease caused by SARS-CoV (5). For ex-
ample, patients with MERS-CoV infection presented with
acute hypoxemic respiratory failure requiring invasive me-
chanical ventilation, therapy with NIPPV frequently failed
in these patients, and they often had severe hypoxemia
necessitating rescue therapy.

However, our case series also demonstrates some im-
portant differences from SARS-CoV infection. All of our
patients had underlying comorbid conditions, including
asthma, diabetes, renal failure, cardiac disease, recent sur-
gery, or heart failure. This high prevalence of comorbid
conditions may be explained in part by the high prevalence
of diabetes and hypertension in the Saudi population.
However, it also strongly suggests that patients with
such conditions are susceptible hosts for MERS-CoV.
There were no hospitalized patients with MERS-CoV in-
fection outside the ICU, which differs from a Canadian
study of SARS in which only 19% of patients were criti-
cally ill (8).

To date, the diagnostic characteristics of MERS-CoV
on RT-PCR, including the sensitivity and negative predic-

tive value, are unknown. A negative result could be related
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Table 2. Physiologic and Laboratory Variables of Patients on Days 1, 3, 7, and 14

Variable Day 1 (n = 12)
Median Flo, (range) 0.8 (0.4-1.0)
Median tidal volume (range), mL 450 (259-551)
Median PEEP (range), cm H,O 10 (5-14)
Median peak pressure (range), cm H,O 30 (20-36)*
Median mean airway pressure (range), cm H,O 16 (11-22)
Median respiratory rate (range), breaths/min 24 (15-35)
Median arterial blood gas values (range)
pH 7.3(7.1-7.4)
Paco,, mm Hg 46 (33-72)
Pao,, mm Hg 69 (39-248)
Bicarbonate, mEq/L 22 (15-28)
Median Pao,—Flo, ratio (range) 88 (76-413)

Median oxygenation index value (range)
Mode of ventilation, n (%)

0.16 (0.02-0.54)

Assist-control ventilation 11 (91.6)

Synchronized intermittent mandatory ventilation 1(8.3)

High-frequency oscillatory ventilation 0(0)
Median mean arterial pressure (range), mm Hg 63 (54-72)
Median systolic blood pressure (range), mm Hg 97 (80-129)
Median heart rate (range), beats/min 109 (88-140)
Median central venous pressure (range), cm H,O 14 (9-18)%
Median dopamine dosage (range), ug/kg per min 0 (0-10)
Median norepinephrine dosage (range), ug/kg per min 0.01 (0-0.50)
Median lactate level (range), mmol/L§ 1.2 (0.4-4.8)t

Median creatinine concentration (range)||
umol/L
mg/dL
Median AST level (range), U/L1
Median ALT level (range), U/L**
Median bilirubin level (range)tt

162 (41-1118)
1.83 (0.46-12.66)
72 (21-230)*
49 (12-163)*

wmol/L 13 (7-35)*

mg/dL 0.76 (0.40-2.04)
Median platelet count (range), X 10° cells/L++ 209 (109-497)*
Median leukocyte count (range), X 70° cells/L§§ 8.9 (1.0-20.5)
Median lymphocyte count (range), X 107 cells/L]|| 0.9 (0.3-2.7)*
Median SOFA score (range) 9(3-12)

Day 3 (n = 12)

0.6 (0.3-1.0)
412 (262-573)*
12 (5-18)*
32 (21-39)*
19 (13-30)
26 (5-32)

7.3(7.2-7.4)
49 (31-345)
67 (47-216)
23 (20-33)
108 (52-360)
0.16 (0.04-0.38)

10 (83.3)
1(8.3)
1(8.3)

63 (48-67)
103 (64-124)
101 (77-122)

11 (4-19)t
0 (0-5)

0.02 (0-0.70)

1.8 (0.6-20.1)t

142 (39-870)*

1.61 (0.44-9.85)
141 (15-1281)*
32 (5-224)%

26 (12-118)%
1.52 (0.70-6.90)
122 (53-466)t

8.7 (4.2-19.6)

0.6 (0.4-1.9)*

9 (4-13)

Day 7 (n = 10)

0.6 (0.3-1.0)
374 (314-460)*
14 (5-16)*
31 (24-36)*
22 (8-30)
27 (3-35)

7.3(7.2-7.4)

57 (38-70)

78 (51-112)

26 (20-34)
111 (55-299)
0.18 (0.03-0.52)

9 (90)
0(0)
1(10)

64 (52-100)
102 (74-175)
102 (76-121)

11 (8-16)t

0 (0-0)*
0.10 (0-0.77)
2(0.7-14.7)%

120.5 (48-343)
1.36 (0.54-3.88)
77 (18-205)%
39 (5-87)%

18 (7-185)%
1.05 (0.40-0.88)
255 (18-314)*
17.8 (6.1-23.7)

0.8 (0.5-1.7)*
7 (0-14)

Day 14 (n = 7)

0.6 (0.4-1.0)
432 (338-522)*
11 (8-14)*
31 (21-39)*
20 (13-23)t
25 (14-32)*

7.3 (7-7.5)

52 (36-69)

65 (58-93)

28 (18-42)
115 (69-205)
0.12 (0.07-0.24)

6 (85.7)
0(0)
1(14.3)

64 (59-70)
112 (80-129)
115 (79-144)

12 (8-18)*

0 (0-0)
0 (0-1)
1.7 (0.2-19.6)*

110 (40-415)
1.24 (0.45-4.70)
161 (24-823)t

130 (6-768)T

3 (8-102)t
0.17 (0.47-5.96)
119 (8-364)
9.6 (5.6-39.7)
1.1 (0.4-2)*
5 (0-14)

ALT = alanine aminotransferase; AST = aspartate aminotransferase; PEEP = positive end-expiratory pressure; SOFA = Sequential Organ Failure Assessment.

* Missing 1 value.

T Missing 2 values.

¥ Missing 3-5 values.

§ Normal range, 0.5-2.2 mmol/L.

[ Normal range, 50-98 wmol/L (0.56-1.11 mg/dL).
9 Normal range, 5-34 U/L.

** Normal range, 5-55 U/L.

11 Normal range, 3.4-20.5 umol/L (0.20-1.20 mg/dL).
#+ Normal range, 150-400 X 10° cells/L.

§§ Normal range, 4.0-11.0 X 107 cells/L.

Il Normal range, 1.0-4.4 X 107 cells/L.

to timing of the test in the disease course; variable viral
shedding; and, most important, sample quality and tech-
nique, as well as transportation time to the reference labo-
ratory. In 2 of our patients, the result remained positive for
several weeks, and it seems that a persistent positive result
may not necessarily be associated with worse outcome or
infectiousness to others.

Use of a lung protective strategy with a small tidal
volume is the mainstay of management of ARDS (9). Re-
cent studies showed significant survival benefit with prone
positioning and neuromuscular blockade in patients with
ARDS (10, 11). Although the use of inhaled nitric oxide in
patients with severe ARDS causes a transient improvement
in oxygenation, it has not been shown to improve survival
and may be harmful (12). Of note, in vitro studies have
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shown that nitric oxide inhibits the replication cycle of
SARS-CoV (13). The clinical therapeutic relevance of this
finding to MERS-CoV infection is unknown.

The routine early use of HFOV in ARDS is not rec-
ommended because 2 recent trials showed no benefit and
possible harm (14, 15). However, HFOV may still have a
role as a rescue therapy, which was the case in our patients.
There have been concerns about aerosol generation and
possible increased risk for disease transmission with HFOV
(16). A study examining SARS transmission to HCWs did
not show an association between HFOV and staff infec-
tion, but the sample size was insufficient to exclude sec-
ondary transmission with HFOV (17). In our patients, we
used filtered circuits because it has been suggested to re-
duce transmission (18).
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Figure 4. Computed tomography images from 3 patients,

showing bilateral airspace disease.
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Extracorporeal membrane oxygenation was used dur-
ing the SARS and HIN1 influenza epidemics. However, it
was not used in any of our patients because of the presence
of multiple comorbid conditions, thrombocytopenia, and
extrapulmonary involvement.

Data are limited on the use of NIPPV in viral pneu-
monia in general. Although its use in acute lung injury is
associated with early physiologic improvement, it has not
been shown to decrease the need for intubation or to re-
duce mortality. In fact, it may increase adverse effects (19).
Furthermore, NIPPV is associated with acrosol generation
and may increase disease transmission (16). Five of our
patients were treated with NIPPV inidally; all eventually
required invasive ventilation.

The use of corticosteroids in viral pneumonia and
ARDS remains controversial. The evidence for corticoste-
roid use in other severe viral pneumonias, including
varicella zoster, HIN1, and SARS, is also insufficient (20—
22). A retrospective cohort study showed that the
corticosteroid-treated patients with SARS had a 20.7-fold
increase in mortality and ICU admission (23). The poten-
tial benefit of corticosteroids in ARDS may be limited to
the fibroproliferative phase of the disease (24), patients
with ARDS and shock (25), or use of low-dose corticoste-
roids (26). A randomized, controlled trial found that the
use of methylprednisolone for persistent ARDS was asso-
ciated with improvement in physiologic end points but did
not reduce mortality. In fact, patients who started methyl-
prednisolone therapy more than 2 weeks after the onset of
ARDS had increased risk for death (27). Whether there is
a specific role for corticosteroids in MERS-CoV is un-
known. The potential role of ribavirin and interferon-f3 for

Figure 5. Results of sequential real-time polymerase chain
reaction.
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The red circles indicate a positive result for MERS-CoV; green circles
indicate negative results. The open circle indicates that patient H did not
undergo testing because he was a probable MERS-CoV case patient.
ICU = intensive care unit; MERS-CoV = Middle East respiratory syn-
drome coronavirus.
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Table 3. Main Interventions and Outcomes

Variable Value
Noninvasive positive-pressure ventilation, n (%) 5 (42)
Invasive ventilation, n (%) 12 (100)
Neuromuscular blockade, n (%) 4 (33)
High-frequency oscillation ventilation, n (%) 2(17)
Nitric oxide, n (%) 6 (50)
Prone positioning, n (%) 3 (25)
Barotrauma, n (%) 2(17)
Vasopressors, n (%) 11 (92)
Renal replacement therapy, n (%) 7 (58)
Tracheostomy, n (%) 3 (25)
Median duration of mechanical ventilation (range), d 16 (4-30)
Alive at day 28, n (%) 7 (58)
Alive at day 90, n (%) 5(42)
ICU survival, n (%) 5 (42)
Median ICU length of stay (range), d 30 (7-104)
Median hospital length of stay (range), d 41 (8-96)*

ICU = intensive care unit.
* One patient is still in the hospital.

the treatment of MERS-CoV is drawn from limited use in
patients with SARS and from in vitro studies on SARS-
CoV (28-30).

The pathogenesis of organ dysfunction in MERS-CoV
is unknown. A striking finding in our cases is the high
incidence of extrapulmonary manifestations, including cir-
culatory, renal, hepatic, and hematologic. It remains to be
studied whether the main pathogenic mechanism of organ
dysfunction is related to cytokine dysregulation, given the
high prevalence of lymphopenia in our patients. Other
possible mechanisms include direct viral invasion; the virus
was recovered from urine and stool in one report (31). The
response of severe thrombocytopenia to intravenous im-
munoglobulin in one of our patients suggests a possible
autoimmune mechanism.

Acute kidney injury requiring renal replacement ther-
apy occurred in our patients more often than has been
reported in SARS. Renal replacement therapy was required
in 58% of our patients, compared with 5% of critically ill
patients during the SARS epidemic in Canada (8). The
high prevalence may be related to preexisting comorbid
conditions, such as diabetes, old age, and hypertension.
The isolation of MERS-CoV from urine in one study
suggests the possibility of direct viral involvement of the
kidneys (31).

The low rate of transmission among HCWs in our
study is consistent with previous reports from the King-
dom of Saudi Arabia and the United Kingdom (32-34).
We believe that the low rate of transmission to HCWs was
related to effective infection control, lack of susceptible
hosts, and poor adaptability of the virus to human trans-
mission observed in this emerging pathogen thus far. How-
ever, it is clear from the health care—associated cluster that
human-to-human transmission occurs with unprotected
exposure. Therefore, there is a concern that MERS-CoV
may become highly infectious to humans with sustained
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human-to-human transmissibility. In such an event, along
with the high pathogenicity of the virus, MERS-CoV will
become a major public health threat worldwide (35).

Given the high mortality rate of this emerging infec-
tion and the lack of evidence for specific therapies, our
findings call for an urgent collaborative study to examine
therapeutic options, such as convalescent plasma or ribavi-
rin, interferon, or other novel drugs (36).

In conclusion, MERS-CoV infection causes severe re-
spiratory and substantial nonpulmonary organ dysfunc-
tions and has a high mortality rate. Community-acquired
and health care—associated MERS-CoV infection occurs in
patients with chronic comorbid conditions. Transmission
to HCWs seems to be low, although human-to-human
transmission does occur with unprotected exposure.
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Appendix Table 2. Physiologic and Laboratory Variables on Day 1 and During the ICU Stay

Patient Shock Elevated AST Elevated ALT  Thrombocytopenia Leukopenia Lymphopenia Alive at Alive at ICU
Level Level Day 14 Discharge
Day 1 ICU Day 1 ICU Day 1 ICU Day 1 ICU Day 1 ICU Day 1 ICU
A + + + + - - - - - - + + - -
B + + + + - - - - - - - + + -
C A 4 - - - - - 4 - - - + + +
D + + + + - - - - - - + + + +
E - + - + - + - + - - + + - -
F + + - - - + + + + + + + +
G “F 4 4 4 - AF - 4 - - + + + +
H - - - - - - - + + + + + + -
| + + + + + + - - - - + + - -
J + + + + + + + + + + + + - -
K - + - + - + - + - - - + + -
L - + - - - - - - - - - + +
+ = yes; — = no; ALT = alanine aminotransferase; AST = aspartate aminotransferase; ICU = intensive care unit.

Appendix Table 3. SOFA Score, by Study Day

Variable

Respiration

Platelet count

Bilirubin level

Hypotension

Glasgow Coma Scale score

Creatinine concentration
Total

Median SOFA Score (Range)

Day 1

4 (2-4)
0 (0-1)
0(0-2)
3(0-4)
0 (0-0)
2 (0-4)
9 (3-12)

Day 3

3(2-4)
1(0-3)
0(0-3)
2 (0-4)
0 (0-0)
1(0-4)
9 (4-13)

Day 7

3 (1-4)
0 (0-4)
0 (0-3)
3 (0-4)
0 (0-0)
0(0-3)
7 (0-14)

Day 14

3(2-4)
1(0-4)
0(0-3)
3(0-4)
0 (0-0)
1(0-4)
5 (0-14)

SOFA = Sequential Organ Failure Assessment.
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