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Abstract

Background: Middle East respiratory syndrome coronavirus (MERS-CoV) has caused several hospital outbreaks,
including a major outbreak at King Abdulaziz Medical City, a 940-bed tertiary-care hospital in Riyadh, Saudi Arabia
(August-September 2015). To learn from our experience, we described the critical care response to the outbreak.

Methods: This observational study was conducted at the Intensive Care Department which covered 5 ICUs with
60 single-bedded rooms. We described qualitatively and, as applicable, quantitatively the response of intensive care
services to the outbreak. The clinical course and outcomes of healthcare workers (HCWs) who had MERS were noted.

Results: Sixty-three MERS patients were admitted to 3 MERS-designated ICUs during the outbreak (peak census = 27
patients on August 25,2015, and the last new case on September 13, 2015). Most patients had multiorgan failure.
Eight HCWSs had MERS requiring ICU admission (median stay = 28 days): Seven developed acute respiratory distress
syndrome, four were treated with prone positioning, four needed continuous renal replacement therapy and one
had extracorporeal membrane oxygenation. The hospital mortality of ICU MERS patients was 63.4 % (0 % for the
HCWs). In response to the outbreak, the number of negative-pressure rooms was increased from 14 to 38 rooms in 3
MERS-designated ICUs. Patients were managed with a nurse-to-patient ratio of 1:0.8. Infection prevention practices
were intensified. As a surrogate, surface disinfectant and hand hygiene gel consumption increased by ~30 % and 17
N95 masks were used per patient/day on average. Family visits were restricted to 2 h/day. Although most ICU staff
expressed concerns about acquiring MERS, all reported to work normally. During the outbreak, 27.0 % of nurses and
18.4 % of physicians working in the MERS-designated ICUs reported upper respiratory symptoms, and were tested for
MERS-CoV. Only 2/196 (1.0 %) ICU nurses and 1/80 (1.3 %) physician tested positive, had mild disease and recovered
fully. The total sick leave duration was 138 days for nurses and 30 days for physicians.

Conclusions: Our hospital outbreak of MERS resulted in 63 patients requiring organ support and prolonged ICU

stay with a high mortality rate. The ICU response required careful facility and staff management and proper infection
control and prevention practices.
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Background

The Middle East respiratory syndrome (MERS) corona-
virus is a recently identified virus that is closely related
to the severe acute respiratory syndrome coronavirus
(SARS-CoV) [1], causes severe hypoxemic respiratory
failure with multiorgan failure and frequently requires
admission to the intensive care unit (ICU) [2, 3]. As
of September 27, 2016, the World Health Organiza-
tion (WHO) reported 1806 laboratory-confirmed cases,
including 643 related deaths [4]. The majority (~80 %)
of MERS cases occurred in Saudi Arabia [4], where sev-
eral hospital outbreaks happened [5, 6] with 45 % of all
cases taking place within healthcare facilities [7]. The
outbreak in the Republic of Korea illustrated the global
threat of this disease. It started in May 2015 and resulted
from a case with travel history to the Arabian Peninsula
[4]. Human-to-human transmission occurred to close
contacts [family members, other patients and healthcare
workers (HCWs)] and led to 186 cases of MERS-CoV
infections with 19 % fatality rate. In our hospital, King
Abdulaziz Medical City-Riyadh, an outbreak of MERS
disease occurred in August to September 2015 [4], led to
significant disruption of hospital functions and resulted
in 130 MERS cases [8] with 63 patients requiring ICU
admission. The outbreak was attributed to crowding,
movement of infected but undiagnosed patients and
breaches in infection prevention and control practices
[4]. Details of the hospital outbreak have been published
elsewhere [8].

Most of the medical literature on MERS has focused on
describing the characteristics and outcomes of affected
patients. Preparedness and the response of the healthcare
system at its different levels are crucial to contain this
disease and manage its associated outbreaks. Neverthe-
less, little is published about how the healthcare system
responded to the disease and hospital outbreaks. The
objective of this study was to describe the response of the
ICU to a hospital MERS outbreak, the associated changes
in its workflow and the impact on its HCWs.

Methods

Setting

This study was an observational study conducted at the
Intensive Care Department of King Abdulaziz Medical
City, a 940-bed tertiary-care referral hospital in Riyadh,
Saudi Arabia, that was accredited by the Joint Commis-
sion International. The hospital had an Infection Preven-
tion and Control Department.

The Intensive Care Department covered 5 units: an
8-bed trauma ICU (Unit A), a 21-bed medical-surgical
intensive care unit (Unit B), a 9-bed surgical ICU (Unit
C), an 8-bed neurologic ICU (Unit D) and a 14-bed
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stepdown unit (Unit E). The Department also provided
coverage to boarding patients in the 15-bed Resuscitation
Area in the Emergency Department (ED). The hospital
had also an 8-bed Burn ICU. The ICUs were operated as
closed units with 24-h, 7-day onsite coverage by board-
certified critical care intensivists [9]. Normally, 5 medical
teams covered the units during the day with each team
consisting of one intensivist consultant, one registrar/
fellow and 1-3 residents. The nurse-to-patient ratio in
all the ICUs was mostly 1:1. One certified respiratory
therapist covered a maximum of six ventilated patients.
Additionally, the department had a rapid response team,
which covered the hospital wards and was activated
according to predefined criteria and is covered by a sixth
separate team [10].

The department has had several ongoing quality
improvement projects and indicators. Infection preven-
tion and control practices, such as hand hygiene and the
ventilator care bundle, were monitored by multidiscipli-
nary ICU teams and the Infection Prevention and Con-
trol Department [11]. For intubated patients, ventilator
care was provided by specialized respiratory therapists
and included using closed endotracheal suctioning sys-
tems which were changed every 72 h or as clinically indi-
cated [12], changing the ventilator circuits in between
patients or if they became soiled or damaged [12], and
using heat and moisture exchangers which were changed
every 7 days or when visibly soiled [12]. Due to the high
prevalence of multidrug-resistant organisms and prior
cases of influenza and MERS infection in the hospi-
tal, droplet precautions were applied to all ICU patients
since February 2012 [11]. Sporadic cases of MERS cases
have been managed in our ICU since February 2013. The
characteristics, management and outcomes of the initial
MERS cases managed in our unit were described previ-
ously [3]. All HCWs were required to undergo fit testing
for the N95 respirators (Table 1).

An Infectious Disease Epidemic Plan (IDEP) was ini-
tially released in May 2014 and was revised in March
2015. Table 1 describes selected plan elements. Accord-
ing to the IDEP, one unit (Unit A) was designated as the
primary receiving unit for MERS patients, because of its
geographic location being away from main hospital traf-
fic and because 7 of its 8 rooms were negative-pressure
airborne infection isolation rooms (AIIR). The plan was
not explicit about which units would be used if the num-
ber of cases exceeded the capacity of this unit. However,
unit B had 4 negative-pressure rooms.

Management of MERS patients
In our hospital, MERS was suspected based on clini-
cal presentation and confirmed by laboratory testing as
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Table 1 Selected elements of the Infectious Disease Epidemic Plan of King Abdulaziz Medical City-Riyadh as it relates
to the intensive care (initial release in May 2014 and first revision in March 2015)

Task/description

Plan activation

MERS patient placement

Closure of all nonessential hospital functions

Healthcare worker (HCW) management

The plan will be activated by the Chair of the outbreak response committee based on the phase defini-
tion

Phase | 0-5 cases of suspected or confirmed in the hospital

Phase Il 6-30 cases of suspected or confirmed in the hospital

Phase Ill >30 cases of suspected or confirmed in the hospital

Phase |

Confirmed MERS-CoV cases requiring intubation will be assigned a negative-pressure room and
cohorted in one ICU

Confirmed cases that have been diagnosed with MERS-CoV in any ICU other than the Trauma ICU (Unit
A), shall be transferred to the Trauma ICU (Unit A) as soon as possible.

Phase ll

All MERS-CoV patients will be cohorted in one unit. If the number of patients exceeds its capacity, then
other units are identified to receive the additional cases

Phasel

All services run without interruptions except for certain precautions for MERS patients
Phase ll

All elective surgery shall be canceled to free more ICU beds

Phase lll

All elective cardiac surgery shall be canceled

Outpatient clinic visits shall be limited to urgent visits only

All HCWs shall be aware of

1. Relevant infection prevention and control policies and procedures

2. Their annual influenza immunization status. If not vaccinated, please contact the employee health
clinic to arrange for an appointment

3. Their N95 fit check/test status. If have not been fit-tested, please contact the employee health clinic to
arrange for an appointment

HCWs exposed to a confirmed MERS-CoV case shall be assessed according to a predetermined protocol

HCWs requiring isolation at home and happen to share a room with another HCW will be provided
aroom in the designated accommodation for isolation till cleared by the Infection Prevention and

Control Department

An Infection Prevention and Control officer is available 24 h per day, 7 days per week

ICU intensive care unit, HCW health care worker, MERS-CoV Middle East respiratory syndrome coronavirus

recommended by the WHO and the Saudi Ministry of
Health [4, 13]. In our ICU, the workup of patients hav-
ing lower respiratory tract infections was standardized
to include bacterial gram stain and culture, MERS-CoV
polymerase chain reaction (PCR), HIN1 PCR, bacterial
and viral multiplex PCR on respiratory samples, myco-
plasma, chlamydia and legionella serology and, if sus-
pected, tuberculosis workup. The respiratory samples
were routinely obtained by blind deep tracheal aspirate in
intubated patients. In the hospital biosafety level 2 labo-
ratory, MERS-CoV screening was performed by real-time
reverse-transcription (rRT) PCR on respiratory samples
by checking for the upstream E protein genome (Roche
Modular Dx Coronavirus) and infection confirmation
by detecting the open reading frame 1a genome (MERS-
CoV kit from TIB Molbiol) [14]. Laboratory workers were
fit-tested and applied N95 respirators while handing res-
piratory samples. Positive samples were sent to the Saudi
Ministry of Health reference laboratory for confirmation.
Viral culture was not performed as biosafety level 3 is
needed.

Data collection

We noted MERS cases admitted to the ICU from July 1 to
October 21, 2015, and collected data on the clinical char-
acteristics, management and outcomes of the affected
HCWs. We also obtained data about the rRT-PCR per-
formed for ICU patients. We identified the physicians
and nurses who reported sick leave for respiratory ill-
nesses. As surrogate for infection control practices, we
obtained data on the related consumables for Units A and
B before and during the outbreak (April-September 30,
2015). We also collected qualitatively our own observa-
tions and those of other HCWs on the ICU response dur-
ing the outbreak using interviews and open discussions.

Statistical analysis

Descriptive data were presented as means and standard
deviations or frequencies and percentages, as appropri-
ate. The infection prevention and control consumables
were compared in the 4 months before (April to July)
and the 2 months during (August and September) the
outbreak.



Al-Dorzi et al. Ann. Intensive Care (2016) 6:101

Results

Description of the MERS outbreak

In July 2015, five cases of acute respiratory failure were
referred to the ICU team from the ED and wards and
were diagnosed to have MERS pneumonia. As the num-
ber of MERS patients increased, the IDEP was activated
on August 2, and included strict implementation of infec-
tion control measures, including airborne and contact
isolation for confirmed and probable MERS cases, and
droplet and contact isolation for suspected cases [8]. On
August 18, Phase III of the IDEP was activated (Table 1),
which included ED closure, elective surgical procedure
cancelation and outpatient clinic suspension [8]. Mean-
while, the ICU maintained full operations. Figure 1 shows
the time line of MERS cases in all our units between
July 1 and October 21, 2015. During the outbreak, we
received a total of 63 MERS cases with the peak being on
August 25, 2015, when the census of confirmed MERS
cases reached 27 in the three MERS-designated ICUs.
The last new ICU case was on September 13, 2015.

Diagnosing MERS

Suspected MERS cases had rRT-PCR on nasopharyn-
geal swabs in nonintubated patients and on deep tracheal
aspirates in intubated patients. Fiberoptic bronchoscopy
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was not performed for the diagnostic workup of MERS or
ventilator-associated pneumonia. Repeated testing was
frequently needed to make the diagnosis. Among our 63
critically ill MERS patients, the initial MERS-CoV test-
ing was performed on nasopharyngeal swabs in 29 and
deep tracheal aspirates in the rest (n = 34). In the first
sample, MERS-CoV was detected in only 6/29 (20.7 %)
nasopharyngeal samples and 26/34 (76.5 %) deep tra-
cheal aspirates. After initial negative or equivocal naso-
pharyngeal swabs (n = 23), a second nasopharyngeal
swab was performed in 16 patients (positive in 37.5 %)
and deep tracheal aspirate in 5 (positive in 100 %). Our
microbiology laboratory extended its working hours and
prioritized testing samples coming from the ICU and the
rest of the hospital. The number of MERS-CoV tests per-
formed on ICU patients went up from an average of 1.5
before to 5.3 per day during the outbreak with a maxi-
mum of 19 tests on September 4, 2015. In patients with
suspected MERS and negative rRT-PCR, the test was
repeated after 1-2 days. There was a general consensus
among our intensivists that three negative lower respira-
tory samples and low clinical pretest probability were
needed to exclude MERS-CoV infection. For patients
with confirmed MERS, the test was repeated twice
weekly until 3 consecutive tests were negative.
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Fig. 1 Time line of MERS cases in all our units between July 1 and October 21, 2015

[N S S s S : : :
N\ SR SR S SN RN A




Al-Dorzi et al. Ann. Intensive Care (2016) 6:101

Characteristics, management and outcomes of MERS
patients

The mean age of the 63 patients was 57.9 + 18.6 years
with the majority (69.8 %) being males. Eight hospital
workers required ICU admission after acquiring MERS.
Table 2 summarizes their characteristics. Half of them
did not have direct contact with patients. One of them
was a pregnant nurse that worked in the ED. All but one
required intubation.

The medical management of MERS patients was largely
supportive. Most (80.9 %) MERS patients required
endotracheal intubation, which was performed by the
most experienced available physician with airborne pre-
cautions. Lung-protective ventilation was implemented
for acute respiratory distress syndrome with tidal volumes
(4—6 ml/Kg of ideal body weight). To reduce the airborne
generating procedures, we discouraged the use of nonin-
vasive ventilation for suspected MERS cases. Neverthe-
less, it was used in the initial management of 12 (19.0 %)
patients. These patients were either suspected to have
concomitant cardiogenic pulmonary edema or had milder
disease. Intubation was needed for 10 patients. High-
flow oxygen therapy was not used as it was unavailable.
When needed, bronchodilators were used via metered
dose inhalers rather than nebulizers. Most (58.7 %) MERS
patients required vasopressors. Renal replacement ther-
apy was provided for 37 (58.7 %) patients.

For the hospital workers acquiring MERS (n = 8), cisa-
tracurium infusion was used in 7 (87.5 %), early prone
positioning in 4 (50 %), continuous renal replacement
therapy in 4 (50 %) and extracorporeal membrane oxy-
genation in 1 (Table 2). None of the patients received rib-
avirin, interferon therapy or high-dose steroids.

The hospital mortality of MERS patients was 63.4 %
with all deaths occurring in the ICU. All hospital workers
who had MERS survived and were discharged to home.
The ICU and hospital length of stay were prolonged
(15.0 £ 17.0 and 30.6 £ 23.1 days, respectively).

The ICU outbreak management
Leadership and communication
During the outbreak, our hospital established a Com-
mand Center, which met twice daily, and oversaw all
interventions in accordance to the IDEP. The Intensive
Care Department chairman was a member of the Com-
mand Center and presented daily the number of sus-
pected and confirmed cases in the ICU, bed and staff
management issues and any challenges. The Department
chairman attended all morning handover meetings in the
ICU where he received input from the ICU teams and
provided feedback from the Command Center.

The hospital provided an intranet page that had educa-
tional material on MERS, MERS management guidelines
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and proper infection control practices. The page was
regularly updated. Additionally, the hospital frequently
informed staff about the MERS outbreak status through
emails. Staff could communicate with the Command
Center regarding any outbreak-related concern or ques-
tion. The Intensive Care Department communicated
with the medical staff about the Saudi Ministry of Health
and WHO practice guidelines. Before and during the
outbreak, the WHO interim guidance for the manage-
ment of suspected and confirmed MERS-CoV infection
[15] was circulated to our ICU staff. Moreover, a letter
expressing gratitude and encouragement was sent from
the Department Chairman to all HC'Ws.

Family visiting to MERS patients was restricted from
an open visiting policy to 2 h per day during the evening
with visitors not allowed to enter patient rooms. Visiting
outside these hours was allowed in selected cases if the
clinical condition required. To update the patients’ fami-
lies, the ICU consultant contacted and updated the next
of kin by phone every day and addressed the family con-
cerns. A nurse was assigned to screen all staff and visi-
tors entering each unit by asking for symptoms of acute
respiratory infection and measuring temperature. Staff
and family members with symptoms of acute respiratory
illness or fever were not allowed to enter.

Facility management

The initial MERS cases were admitted to the desig-
nated MERS unit (Unit A). As the number of patients
increased, the ICU leadership identified other ICUs as
potential placement units. The hospital clinical engi-
neers converted a total of 24 standard rooms in Unit B
and Unit C to negative-pressure rooms by increasing air
exhaust more than supply by 50 cubic feet per minute. As
the number of suspected and confirmed MERS patients
increased, Unit B and then Unit C were used.

Disposition of non-MERS patients

As the number of our MERS patients increased beyond
Unit A capacity, patients without MERS were transferred
to other units or hospitals to increase bed capacity. The
old pediatric ICU, which was recently vacated in June
2015 after the opening of a new pediatric hospital, was
used to care for stable and long-term patients. During the
outbreak, 13 and 7 patients from Units A and B, respec-
tively, were transferred to the other ICUs (Units C-E and
the old pediatric ICU), and 1 patient to another hospital.

Staffing

The care for MERS patients was demanding. For exam-
ple, 4 of the 8 affected HCWs required prone position-
ing for the management of acute respiratory distress
syndrome (Table 2). Also 4 of them required continuous
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renal replacement therapy for up to 37 days (Table 2). The
care was also associated with significant exposure risk.
This can be reflected in the duration of mechanical venti-
lation for the HCWs who required intubation (7-57 days)
and length of ICU stay (7-63 days) (Table 2). During
the outbreak, the nurse-to-patient ratio was mostly 1:1
except for one patient on ECMO (2:1). Additionally, 1-2
additional nurses were deployed in each unit to assist
in procedures such as prone positioning and to moni-
tor and correct infection control practices. In unit A,
for instance, the nurse-to-patient ratio was 1:1.2 before
the outbreak and became 1:0.8 during the outbreak. We
restricted medical management to the attending physi-
cians, senior registrars and critical care fellows. Rotat-
ing residents were not allowed to work in the ICU during
the outbreak. Entry of nonclinical staff, such as research
coordinators, was restricted and the ongoing clinical tri-
als were put on hold, except for MERS studies, to reduce
staff exposure.

During the outbreak, concerns among ICU staff were
raised about acquiring MERS and transmitting the virus
to their families; a concern that was substantiated by see-
ing hospital workers infected and developing critical ill-
ness. However, many felt privileged to be part ICU team
managing the outbreak and taking care of MERS patients;
none refused to report to work as per schedule. Two
pregnant ICU nurses were redeployed to low-risk units.
Staff members who developed fever, respiratory symp-
toms or gastrointestinal illness were asked not to present
to work, but rather to report to the ED or the Employee
Health Clinic depending on their illness severity. Of the
152 bedside nurses covering Units A and B, 41 (27.0 %)
nurses had symptoms of acute respiratory infection dur-
ing the outbreak and consequently had nasopharyngeal
swabs obtained for MERS-CoV; all tested negative. Their
total sick leave duration was 138 days (range: 1-15 days
per nurse). In comparison, in the 2 months before the
outbreak, 26 (17.1 %) nurses had sick leaves for a total of
33 days (range 1-2 days per nurse). Of the 49 nonresi-
dent ICU physicians, 9 (18.4 %) physicians received sick
leave for a total of 30 days (range 3—4 days per physician).
In Unit C, two nurses (1.0 %) of 196 nurses who worked
in MERS units (Units A, B and C) and one rotating resi-
dent (1.3 %) out of 80 physicians covering the ICUs tested
positive for MERS-CoV. The resident and one of the
nurses were symptomatic and required hospitalization in
a MERS ward for approximately 1 week and both recov-
ered fully.

Logistics for infection prevention and control

In February 2012, long before the MERS outbreak,
droplet precautions had been added to the standard
precautions for all ICU patients, mainly to prevent the
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transmission of influenza. During the outbreak, air-
borne precautions were added for all confirmed and
suspected MERS cases. Although all staff were required
to be fit-tested for the N95 respirators before the out-
break (Table 1), we discovered that many ICU staff were
not tested. During the outbreak, a clinic was emer-
gently opened to fit test HCWs and the results were
documented.

Specific policies and procedures were developed or
updated for donning and doffing personal protective
equipment (PPE). Related visual instructions were pro-
vided inside each ICU room. Outside patient rooms,
carts containing PPE were organized to facilitate donning
in the correct sequence. During the outbreak, additional
training on hand hygiene techniques and PPE applica-
tion was provided. Housekeepers were also retrained on
proper cleaning techniques and PPE use. The Intensive
Care Department worked closely with the Infection Pre-
vention and Control Department on all aspects of infec-
tion control.

The implementation of such infection control measures
required having adequate PPE supplies, such as respira-
tors, goggles, face shields and gowns. Table 3 describes
the consumption of surface disinfectants, antiseptic alco-
hol for hand hygiene, N95 masks and other PPE before
and during the MERS-CoV outbreak. During the out-
break, the consumption of detergent surface disinfectant
and ethyl alcohol for alcohol-based hand rub increased by
almost 30 % and the use of N95 masks increased by >15
times compared to the preceding 4 months. The number
of examination gowns per patient per day decreased dur-
ing the outbreak probably due to staff avoiding unnec-
essary exposure. Twenty-four powered air-purifying
respirators were made available to staff who failed the
NO5 respirator fit test. They were used by 8 physicians, 7
nurses and 14 respiratory therapists. Training sessions on
their application were conducted.

Discussion
In this report, we described how the ICU responded to
a MERS-CoV outbreak at a tertiary-care hospital. The
outbreak led to 63 MERS patients requiring prolonged
ICU care and most received invasive mechanical venti-
lation, vasopressors and renal replacement therapy. The
overall mortality was 63 %, but all affected hospital work-
ers survived. The outbreak management included almost
tripling the ICU capacity of negative-pressure rooms and
intensifying infection prevention and control practices.
Even though ICU staff had significant exposure risk, very
small number acquired MERS-CoV.

Response to incidents such as an infectious hospital
outbreak requires a robust hospital-wide command and
control structure that is able to make rapid informed
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Table 3 Consumption of 2 % chlorhexidine for surface disinfection, antiseptic ethyl alcohol for hand hygiene, N95 res-
piratory masks and other personal protective equipment before and during the MERS-CoV outbreak

Before the outbreak
(4 months: April-July)

During the outbreak
(2 months: August-September)

Detergent disinfectant (mL/ICU room/day) 230
Nonalcoholic surface disinfectant wipes

Total number consumed 10,300

Number consumed per room per day 29
Average volume of alcohol-based hand rub (mL/patient/day) 120
N95 masks

Total number consumed 3610

Number consumed per patient per day 1.0
Gowns (regular nonsterile disposable)

Total number consumed 179,100

Number consumed per patient per day 506
Gowns (waterproof nonsterile disposable)

Total number consumed 1015

Number consumed per patient per day 03
Eye-protective glasses

Total number consumed 190

Number consumed per patient per day 0.05
Examination gloves, N

Total number consumed 554,600

Number consumed per patient per day 156.8

34.2

11,350
6.4
163

29,605
16.7

7000
4.0

23916
135

10,180
575

187,900
106.2

decisions across an institution. As it was the case in
our hospital, the control of outbreak may require major
interventions such as closing the ED, suspending elec-
tive surgeries, preventing inter-facility patient transfers,
canceling ambulatory clinics and outpatient diagnostic
procedures, preventing hospital staff from working at
other institutions and restricting hospital visitors [16].
Our hospital had a preexisting IDEP, which facilitated
managing and containing the MERS-CoV outbreak. Such
a plan is mandatory for every hospital.

MERS infection is associated with several challenges.
Its presenting symptoms overlap with those of other
severe acute respiratory illnesses and include fever (71 %),
cough (68 %), dyspnea (66 %) and diarrhea (32 %) [17],
often in older adults with preexisting chronic comorbidi-
ties [17, 18]. Common laboratory abnormalities include
leukopenia, lymphocytopenia, thrombocytopenia and
elevated serum creatinine, lactate dehydrogenase, and
liver enzymes [17]. The initial chest radiographs show
minimal abnormality to extensive bilateral infiltrates [17].
Unfortunately, many frontline physicians are unfamiliar
with the MERS case definition, probably because cases
are sporadic, leading to delayed or even missed diag-
nosis. Delayed recognition may lead to exposing many
other patients, visitors and HCWs to the infection as it
was the case in our hospital. MERS-CoV nosocomial

transmission is thought to be via respiratory drop-
lets, and contact spread is suspected [19]. In Korea, the
delayed diagnosis of an infected traveler to the Arabian
Peninsula led to 186 MERS cases and resulted in intra-
and inter-hospital transmission [20]. In Saudi Arabia,
45 % of MERS cases were acquired in the healthcare set-
ting with 12 % of all cases being HCWs [7]. Therefore,
taking a detailed history, knowing MERS case definitions,
standardizing pneumonia workup, obtaining lower res-
piratory tract specimens [21] and implementing droplet
isolation for suspected cases are crucial interventions to
break the transmission chain in the healthcare setting.
Admitting MERS patients in single-bedded negative-
pressure rooms and cohorting them in selected units are
recommended to facilitate providing care and monitor-
ing [22]. During an outbreak, clinical engineering should
have expedient plans to convert standard rooms. Retro-
fitting the rooms with externally exhausted HEPA filters
may be a solution [16]. Outbreaks can lead to significant
increase in the need for ICU beds, but may simultane-
ously reduce the available beds. The SARS outbreak in
Toronto led to 10-day closures of 35 ICU beds, which
represented 38 % of the tertiary-care university medi-
cal-surgical ICU beds in Toronto [16]. Hence, hospitals
should always have plans to augment ICU bed capacity,
such as by transforming general wards. The ability of any
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Every hospital should have an Infectious Disease Epidemic Plan that should govern the response to an infectious disease outbreak. The response
should cover organizing patient services, implementing infection control, managing employee exposure and communicating with national

health services and with hospital staff

Hospital leaders should be prepared to increase the capacity of negative-pressure airborne infection isolation rooms in the case of an infectious

disease outbreak

All healthcare workers should receive training on proper hand hygiene and personal protective equipment application. Hand hygiene and per-
sonal protective equipment practices should be monitored. Education should be repeated periodically
All healthcare workers should be fit-tested for N95 respirators on hire with the result documented in their files. Periodic audit of this requirement

should be done

Hospitals should make plans to acutely increase personal protective equipment supplies as consumption increases tremendously during an infec-

tious disease outbreak

Hospital and ICU leaders should have plans to cover healthcare workers who are exposed or become symptomatic to avoid potential staff short-

age

hospital to deal with an infectious outbreak is decided by
the availability of ICU beds [23].

Caring for MERS patients represents a substantial
exposure risk for ICU staff because of three reasons: high
exposure dose, long daily contact hours and prolonged
ICU stay with viral shedding. MERS-CoV patients requir-
ing ICU admission have higher viral load than other
MERS patients [24]. Aerosol-generating procedures, such
as noninvasive ventilation, suctioning and bronchoscopy,
add to the exposure and transmission risk [25]. Extended
bedside care is needed for MERS patients due to the
requirement of organ support such as mechanical ven-
tilation, vasopressor therapy, continuous renal replace-
ment therapy, prone positioning and extracorporeal
membrane oxygenation [2, 3]. In this study, we observed
an increase in the nurse-to-patient ratio from 1:1.2 to
approximately 1:0.8 during the outbreak. The SARS epi-
demic was also associated with increases in the nurse-to-
patient ratio [26]. Stay in the ICU can last for weeks [3],
which we observed. Additionally, MERS-CoV shedding
can be prolonged and may last for >30 days [27].

The exposure risk to MERS-CoV can exert signifi-
cant psychosocial stress on HCWs. Death has occurred
in young HCWs who acquired MERS-CoV infection
[28], which adds to this fear. During the SARS out-
break in Toronto, a survey of HCWs found that >60 %
of respondents reported SARS-related concern for
their own or their family’s health [29]. Moreover, 29 %
of respondents had probable emotional distress [29].
During our outbreak, many ICU staff expressed con-
cerns about acquiring MERS. Staff safety should be a
primary goal in a hospital infectious outbreak. Preg-
nant and immunocompromised staff should be rede-
ployed to lower-risk areas [30], which we did. Proper
exposure management should be pre-planned, which
was determined in our IDEP. N95 respirator fit testing
should be performed at hiring of new staff and done for
all other staft before any outbreak. Although fit testing
was required for all staff, many did not have fit testing

done. However, in response to the outbreak, fit testing
was performed to all staff and powered air-purifying
respirators were provided to those who failed fit testing.
Strict infection prevention and control practices should
be implemented and audited. This was performed in our
units. Repetitive training is recommended [31]. Despite
intensive infection prevention practices, 3 of our ICU
staff had MERS-CoV infection during the outbreak
likely due to suboptimal PPE use while intubating yet
undiagnosed patients.

MERS management was supportive and largely
adhered to the WHO recommendations [15]. It included
intubation, early prone positioning and neuromuscular
blockade for moderate-to-severe acute respiratory dis-
tress syndrome as these interventions have been shown
to improve the outcomes of ARDS patients [32, 33].
Although noninvasive ventilation use was discouraged,
it was used in 12 patients. The WHO considers noninva-
sive ventilation an option in selected MERS cases [15]. It
should be used as a short trial without delaying intuba-
tion if unsuccessful [15]. Moreover, high-flow oxygen by
nasal cannula may be another option [15, 34]; however,
the associated transmission risk as a result of aerosol
generation is unknown. Systematic corticosteroids, riba-
virin and interferon were avoided as they have no proven
benefit [15, 35]. Our MERS patients had high mortal-
ity (63 %). The previously reported mortality of MERS
patients who had critical illness ranged from 58 to 84 %
[2, 3, 18]. None of our HCWs who developed MERS died,
which was gratifying to our staff.

Conclusions

Our MERS-CoV hospital outbreak stressed our system
to unprecedented limits. We learned many lessons from
it (Table 4). The successful management of outbreak
required integrating ICU functions with the hospital-
wide plans, having preparedness plans, implementing
proper infection control practices and managing staffing
and staff exposure.



Al-Dorzi et al. Ann. Intensive Care (2016) 6:101

Abbreviations

ED: Emergency Department; HCW: healthcare worker; ICU: intensive care
unit; IDEP: Infectious Disease Epidemic Plan; MERS: Middle East respiratory
syndrome; PPE: personal protective equipment; rRT-PCR: real-time reverse-
transcription polymerase chain reaction; WHO: World Health Organization.

Authors’ contributions

HMD was involved in conception and design, data collection, statistical
analysis and interpretation of data, drafting of the manuscript, critical revision
of the manuscript for important intellectual content and approval of the final
version to be published. ASA contributed to the analysis and interpretation
of data, critical revision of the manuscript for important intellectual content
and approval of the final version to be published. RK helped in data collec-
tion, analysis and interpretation of data, critical revision of the manuscript

for important intellectual content and approval of the final version to be
published. SB contributed to the analysis and interpretation of data, critical
revision of the manuscript for important intellectual content and approval of
the final version to be published. JDA helped in data collection, interpreta-
tion of data, critical revision of the manuscript for important intellectual
content and approval of the final version to be published. AAM was involved
in data collection, interpretation of data, critical revision of the manuscript
for important intellectual content and approval of the final version to be pub-
lished. SMJ helped in data collection, interpretation of data, critical revision
of the manuscript for important intellectual content and approval of the final
version to be published. HHB contributed to data collection, interpretation of
data, critical revision of the manuscript for important intellectual content and
approval of the final version to be published. YMA helped in conception and
design, analysis and interpretation of data, drafting of the manuscript, critical
revision of the manuscript for important intellectual content and approval

of the final version to be published. All authors read and approved the final
manuscript.

Author details

11CU2 and TICY, Intensive Care Department, King Abdulaziz Medical City, King
Abdullah International Medical Research Center, King Saud bin Abdulaziz Uni-
versity for Health Sciences, Riyadh, Saudi Arabia. 2 Intensive Care Department,
King Abdulaziz Medical City, King Abdullah International Medical Research
Center, King Saud bin Abdulaziz University for Health Sciences, Riyadh, Saudi
Arabia. > Neuro-ICU, Intensive Care Department, King Abdulaziz Medical City,
King Abdullah International Medical Research Center, King Saud bin Abdulaziz
University for Health Sciences, Riyadh, Saudi Arabia. * IMCU, Intensive Care
Department, King Abdulaziz Medical City, King Abdullah International Medi-
cal Research Center, King Saud bin Abdulaziz University for Health Sciences,
Riyadh, Saudi Arabia. S1Cu2, King Abdulaziz Medical City, Riyadh, Saudi Arabia.
5TICU, King Abdulaziz Medical City, Riyadh, Saudi Arabia. ” Microbiology
Laboratory, King Abdulaziz Medical City, Riyadh, Saudi Arabia.  Department
of Infection Prevention and Control, King Abdulaziz Medical City, King Saud
bin Abdulaziz University for Health Sciences, Riyadh, Saudi Arabia. ? Intensive
Care Department, Respiratory Services, College of Medicine, King Abdulaziz
Medical City, King Abdullah International Medical Research Center, King

Saud bin Abdulaziz University for Health Sciences, ICU 1425, PO Box 22490,
Riyadh 11426, Saudi Arabia.

Acknowledgements
None.

Competing interests
The authors declare that they have no competing interests.

Consent for publication
Written informed consent was not obtained for publication of these data.

Ethical approval and consent to participate

The Institutional Review Board of the Ministry of National Guard Health Affairs
approved the retrospective clinical data collection on MERS patients, and no
consents were required.

Received: 19 June 2016 Accepted: 11 October 2016
Published online: 24 October 2016

Page 10 of 11

References

1. Hui DS, Memish ZA, Zumla A. Severe acute respiratory syndrome vs. the
Middle East respiratory syndrome. Curr Opin Pulm Med. 2014,20(3):233-41.

2. Saad M, Omrani AS, Baig K, Bahloul A, Elzein F, Matin MA, et al. Clinical
aspects and outcomes of 70 patients with Middle East respiratory syn-
drome coronavirus infection: a single-center experience in Saudi Arabia.
Int J Infect Dis. 2014,29:301-6.

3. ArabiYM, Arifi AA, Balkhy HH, Najm H, Aldawood AS, Ghabashi A,
et al. Clinical course and outcomes of critically il patients with Middle
East respiratory syndrome coronavirus infection. Ann Intern Med.
2014;160(6):389-97.

4. The World Health Organization. Middle East respiratory syndrome coro-
navirus (MERS-CoV). http://www.who.int/emergencies/mers-cov/en/.
Accessed 27 Sept 2016.

5. Assiri A, McGeer A, Perl TM, Price CS, Al Rabeeah AA, Cummings DA, et al.
Hospital outbreak of Middle East respiratory syndrome coronavirus. N
EnglJ Med. 2013;369(5):407-16.

6. Oboho IK, Tomczyk SM, Al-Asmari AM, Banjar AA, Al-Mugti H, Aloraini MS,
et al. 2014 MERS-CoV outbreak in Jeddah-a link to health care facilities. N
EnglJ Med. 2015;372(9):846-54.

7. The National Command Control Center; Ministry of Health-Kingdom of
Saudi Arabia. MERS-CoV in KSA. MERS-CoV Weekly Monitor, Vol 1, No. 1;
27 October 2015. http://www.moh.gov.sa/en/CCC/Pages/Weekly-Moni-
toraspx. Accessed 17 Nov 2015.

8. Balkhy HH, Alenazi TH, Alshamrani MM, Baffoe-Bonnie H, Al-Abdely HM,
El-Saed A, et al. Notes from the field: nosocomial outbreak of Middle
East respiratory syndrome in a large tertiary care hospital—Riyadh, Saudi
Arabia, 2015. MMWR Morb Mortal Wkly Rep. 2016;65(6):163-4.

9. ArabiY, Alshimemeri A, Taher S. Weekend and weeknight admissions
have the same outcome of weekday admissions to an intensive care unit
with onsite intensivist coverage. Crit Care Med. 2006;34(3):605-11.

10. Al-Qahtani’S, Al-Dorzi HM, Tamim HM, Hussain S, Fong L, Taher S, et al.
Impact of an intensivist-led multidisciplinary extended rapid response
team on hospital-wide cardiopulmonary arrests and mortality. Crit Care
Med. 2013;41(2):506-17.

11. Al-Dorzi HM, Matroud A, Al Attas KA, Azzam Al, Musned A, Naidu B, et al.
A multifaceted approach to improve hand hygiene practices in the
adult intensive care unit of a tertiary-care center. J Infect Public Health.
2014;7(4):360-4.

12. Muscedere J, Dodek P, Keenan S, Fowler R, Cook D, Heyland D, et al.
Comprehensive evidence-based clinical practice guidelines for
ventilator-associated pneumonia: diagnosis and treatment. J Crit Care.
2008;23(1):138-47.

13. Scientific Advisory Board, Command and Control Center, Ministry of
Health Kingdom of Saudi Arabia. Infection Prevention and Control
Guidelines for Middle East respiratory syndrome Coronavirus (MERS-CoV)
Infection. http://www.moh.gov.sa/en/CCC/Regulations/2015%20update.
pdf. Accessed 30 Mar 2016.

14. Corman VM, Muller MA, Costabel U, Timm J, Binger T, Meyer B, et al. Assays
for laboratory confirmation of novel human coronavirus (hCoVEMC) infec-
tions. Euro Surveill Bull Eur Commun Dis Bull. 2012;17(49):36-44.

15. The World Health Organization. Clinical management of severe acute
respiratory infection when Middle East respiratory syndrome coronavirus
(MERS-CoV) infection is suspected-Interim guidance. www.who.int/csr/
disease/coronavirus_infections/case-management-ipc/en/. Accessed 23
Jan 2016.

16. Dwosh HA, Hong HH, Austgarden D, Herman S, Schabas R. Identification
and containment of an outbreak of SARS in a community hospital. CMAJ.
2003;168(11):1415-20.

17. Alsolamy S. Middle East respiratory syndrome: knowledge to date. Crit
Care Med. 2015;43(6):1283-90.

18. Al-Tawfig JA, Hinedi K, Ghandour J, Khairalla H, Musleh S, Ujayli A, et al.
Middle East respiratory syndrome coronavirus: a case-control study of
hospitalized patients. Clin Infect Dis. 2014;59(2):160-5.

19. van Doremalen N, Bushmaker T, Munster VJ. Stability of Middle East res-
piratory syndrome coronavirus (MERS-CoV) under different environmen-
tal conditions. Euro Surveill. 2013;18(38):20590.

20. Ki M.2015 MERS outbreak in Korea: hospital-to-hospital transmission.
Epidemiol Health. 2015;37:€2015033.


http://www.who.int/emergencies/mers-cov/en/
http://www.moh.gov.sa/en/CCC/Pages/Weekly-Monitor.aspx
http://www.moh.gov.sa/en/CCC/Pages/Weekly-Monitor.aspx
http://www.moh.gov.sa/en/CCC/Regulations/2015%20update.pdf
http://www.moh.gov.sa/en/CCC/Regulations/2015%20update.pdf
http://www.who.int/csr/disease/coronavirus_infections/case-management-ipc/en/
http://www.who.int/csr/disease/coronavirus_infections/case-management-ipc/en/

Al-Dorzi et al. Ann. Intensive Care (2016) 6:101

21

22.

23.

24,

25.

26.

27.

28.

Lee JH, Lee CS, Lee HB. An appropriate lower respiratory tract specimen
is essential for diagnosis of Middle East respiratory syndrome (MERS). J
Korean Med Sci. 2015;30(8):1207-8.

The Centers for Disease Control and Prevention (CDC). Interim Infection
Prevention and Control Recommendations for Hospitalized Patients with
Middle East respiratory syndrome Coronavirus (MERS-CoV). http://www.
cdc.gov/coronavirus/mers/hcp.html. Accessed 7 Sept 2015.

Loutfy MR, Wallington T, Rutledge T, Mederski B, Rose K, Kwolek

S, et al. Hospital preparedness and SARS. Emerg Infect Dis.
2004;10(5):771-6.

Feikin DR, Alraddadi B, Qutub M, Shabouni O, Curns A, Oboho IK, et al.
Association of higher MERS-CoV virus load with severe disease and death,
Saudi Arabia, 2014. Emerg Infect Dis. 2015;21(11):2029-35.

Tran K, Cimon K, Severn M, Pessoa-Silva CL, Conly J. Aerosol generating
procedures and risk of transmission of acute respiratory infections to
healthcare workers: a systematic review. PLoS One. 2012;7(4):.e35797.
Hawryluck L, Lapinsky SE, Stewart TE. Clinical review: SARS—Ilessons in
disaster management. Crit Care. 2005;9(4):384-9.

Memish ZA, Assiri AM, Al-Tawfig JA. Middle East respiratory syndrome
coronavirus (MERS-CoV) viral shedding in the respiratory tract: an
observational analysis with infection control implications. Int J Infect Dis.
2014;29:307-8.

Memish ZA, Zumla Al, Assiri A. Middle East respiratory syndrome corona-
virus infections in health care workers. N Engl J Med. 2013;369(9):884-6.

29.

30.

32.

33

34.

35.

Page 11 of 11

Nickell LA, Crighton EJ, Tracy CS, Al-Enazy H, Bolaji Y, Hanjrah S, et al.
Psychosocial effects of SARS on hospital staff: survey of a large tertiary
care institution. CMAJ. 2004;170(5):793-8.

Bell JA, Hyland S, De Pellegrin T, Upshur RE, Bernstein M, Martin DK. SARS
and hospital priority setting: a qualitative case study and evaluation. BMC
Health Serv Res. 2004;4(1):36.

. Brouqui P, PuroV, Fusco FM, Bannister B, Schilling S, Follin P, et al. Infection

control in the management of highly pathogenic infectious diseases:
consensus of the European Network of Infectious Disease. Lancet Infect
Dis. 2009,9(5):301-11.

Guerin C, Reignier J, Richard JC, Beuret P, Gacouin A, Boulain T, et al. Prone
positioning in severe acute respiratory distress syndrome. N Engl J Med.
2013;368(23):2159-68.

Papazian L, Forel JM, Gacouin A, Penot-Ragon C, Perrin G, Loundou A,
et al. Neuromuscular blockers in early acute respiratory distress syn-
drome. N Engl J Med. 2010;363(12):1107-16.

Frat JP, Thille AW, Mercat A, Girault C, Ragot S, Perbet S, et al. High-flow
oxygen through nasal cannula in acute hypoxemic respiratory failure. N
EnglJ Med. 2015;372(23):2185-96.

Al-Tawfig JA, Momattin H, Dib J, Memish ZA. Ribavirin and interferon
therapy in patients infected with the Middle East respiratory syndrome
coronavirus: an observational study. Int J Infect Dis. 2014;20:42-6.

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Immediate publication on acceptance

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com



http://www.cdc.gov/coronavirus/mers/hcp.html
http://www.cdc.gov/coronavirus/mers/hcp.html

	The critical care response to a hospital outbreak of Middle East respiratory syndrome coronavirus (MERS-CoV) infection: an observational study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Setting
	Management of MERS patients
	Data collection
	Statistical analysis

	Results
	Description of the MERS outbreak
	Diagnosing MERS
	Characteristics, management and outcomes of MERS patients

	The ICU outbreak management
	Leadership and communication
	Facility management
	Disposition of non-MERS patients
	Staffing

	Logistics for infection prevention and control

	Discussion
	Conclusions
	Authors’ contributions
	References




