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Introduction

The emergence of a novel coronavirus in 2012, named the
Middle East respiratory syndrome coronavirus (MERS-CoV)
has presented challenges for clinical management. As of 2
July 2015, there have been 1361 laboratory confirmed cases
of human infection and at least 477 deaths. The case fatality
in those hospitalized with serious illness has been
approximately 40%. Twenty-six countries have reported
cases, including those in the Middle East, Africa, Europe,
North America and Asia. Since May 2015, three new
countries have been affected: Republic of Korea, China and
Thailand. For latest updates and map, see the WHO MERS-
CoV website at http://www.who.int/emergencies/mers-cov/en.

MERS-CoV causes zoonotic infections in humans by direct
or indirect contact with infected dromedary camels or
camel-related products, but such primary infections account
for a minority of all cases. The majority of cases are
secondary and have resulted from human-to-human
transmission in health care settings, related to breaches in
infection prevention and control (IPC) practices? and less
often in households. The virus does not appear to transmit
easily from person to person unless there is close contact,
such as providing clinical care to an infected patient while
not applying strict hygiene measures. To date, sustained
community wide MERS-CoV transmission has not been
observed.

The clinical manifestations of MERS-CoV infections range
from asymptomatic infection to severe pneumonia, often
complicated by acute respiratory distress syndrome (ARDS),
septic shock and multi-organ failure leading to death®. The
most common early signs and symptoms in more severe
infections are fever (98%), chills (87%), cough (83%), and
dyspnoea (72%); however, nearly 25% of cases also report
gastrointestinal symptoms such as vomiting and diarrhoea®.
Fever may be absent in up to 15 % of hospitalized cases”.
Rapid progression to severe pneumonia and respiratory
failure usually happens within the first week (median 7 days
from symptom onset to initiation of mechanical ventilation)®.
Reported laboratory abnormalities include leukopenia,
lymphopenia, thrombocytopenia, consumptive coagulopathy,
and elevated serum creatinine, lactate dehydrogenase and
liver enzymes®®. Co-infections with other respiratory viruses
and bacterial pathogens have also been reported®.

The majority of cases have been reported in adults (98%)
and males (66%, n=1329), with a median age of 50 years
(range, 9 months-99 years, n=1335)°. There are very few
reports on children with MERS-CoV infection®. The
presence of at least one co-morbid condition (e.g, immuno-
compromised state, malignancies, obesity, diabetes, cardiac
disease, renal disease and lung disease) has been reported in
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76% of cases, and is associated with a higher risk of
death®>®. In a case series of 70 patients, concomitant
infections and low serum albumin levels were found to be
predictors of severe infection, while age > 65 years was the
only independent predictor of increased mortality (OR 4.39,
Cl 2.13-9.05; p < 0.001)°.

Although our knowledge of the clinical features of MERS-
CoV infection has grown over the past three years, the
pathogenesis of disease is incompletely understood, and
there is no proven MERS-CoV-specific treatment or vaccine.
This updated interim guidance document aims to help
clinicians provide timely, high quality and safe supportive
management of patients who have acute respiratory failure
and/or septic shock. Protocols for experimental MERS-
CoV-specific treatments that are candidates for clinical
investigation will also be discussed in this guideline.

This document is intended for clinicians taking care of
critically ill patients (adults and children) with severe acute
respiratory infection (SARI). It is not meant to replace
clinical training or specialist consultation but rather to
strengthen current clinical management of SARI and
provide links to the most up-to-date guidance. Because the
critical care of children is conceptually similar to that of
adult patients, the recommendations are generalized to both
populations; with certain distinctions emphasized.
This document is organized into the following sections:

1. Early recognition of patients with SARI

2. Implementation of IPC measures

3. Collection of specimens for laboratory diagnosis and
antimicrobial therapy

4. Early supportive therapy and monitoring

Management of severe respiratory distress, hypoxemia
and ARDS

6. Management of septic shock

7. Prevention of complications

8. Experimental virus-specific therapeutics

9. Special considerations for pregnant patients

o

Three symbols are used throughout the text with regard to
interventions:

Do: the intervention is known to be beneficial.
€9 Don’t: the intervention is known to be harmful.
Be careful when considering this intervention.

The recommendations in this document are derived mainly
from evidence-based guidelines published by WHO,
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including the WHO Integrated Management of Adolescent 1. EarIy recognition of patients with SARI

and Adult Illness (IMAI) District Clinician Manual™. Where

WHO guidance is not available, we have used widely Recognize suspect cases with severe manifestations of
accepted global consensus statements, such as guidelines of acute respiratory infection (ARI)

the 2012 Surviving Sepsis Campaign™, and the results of
recently published randomized controlled trials, as well as
observational studies of MERS-CoV and SARS-CoV
infections. The recommendations have also been reviewed
by a WHO global network of clinicians (see
Acknowledgements for names and affiliations).Links are
given to additional sources and evidence. For queries, please
email outbreak@who.int with ‘MERS-CoV clinical question’ in
the subject line.

Life-threatening manifestations of MERS-CoV infection
include severe pneumonia, ARDS, sepsis and septic shock.
Early recognition of these clinical syndromes allows for
timely initiation of IPC as well as therapeutics.

Table 1. Case Definitions

Severe acute respiratory An acute respiratory infection (ARI) with history of fever or measured fever of = 38 C° and cough; with onset within the last 10

infection (SARI) days; and requires hospitalization'2. However, an absence of fever does NOT exclude MERS-COV infection®. Thus, even in
the absence of fever, a patient with a history of cough or other respiratory symptoms should still be evaluated for risk of
MERS-CoV exposure.

“Probable Case” of MERS- A person with an ARI, which may include history of fever or measured fever (= 38°C, 100.4°F) and cough;

Cov AND suspicion of pulmonary parenchymal disease (e.g. pneumonia or ARDS), based on clinical (dyspnea, hypoxemia,
crackles on chest auscultation) or radiological evidence of infiltrates:
AND direct epidemiologic risk:

e health care associated exposure (caring for infected patients or working with infected health care workers),

e ORworking, studying, traveling or living with individuals infected with MERS-CoV;

e  OR the person resides or travelled in the Middle East, or in countries where MERS-CoV is known to be circulating
in dromedary camels or where human infections have recently occurred.

See updates of the case definition at: http://www.who.int/csr/disease/coronavirus_infections/case_definition/en/

Severe pneumonia Adolescent or adult patient with fever or suspected respiratory infection, cough, respiratory rate > 30 breaths/min, severe
respiratory distress, oxygen saturation (SpO2) < 90% on room air'0. Child with chest indrawing, signs of distress (nasal flaring,
grunting), central cyanosis, not able to drink, lethargy, SpO2 < 90%, or tachypnoea (< 2 months, 2 60 breaths; 2-11 months,
= 50 breaths; 1-5 years, = 40 breath or (13). Chest radiograph is recommended to establish diagnosis®.

Acute Respiratory Distress ~ Onset: new or worsening respiratory symptoms within one week of known clinical insult'*.
Syndrome Chest imaging (X-ray or CT scan): bilateral opacities, not fully explained by effusions, lobar/lung collapse or nodules .

Origin of oedema: respiratory failure not fully explained by cardiac failure or fluid overload. Need objective assessment (e.g.
echocardiography) to exclude hydrostatic cause of oedema if no risk factor present™.
Oxygenation*:
e Mild ARDS: 200 mm Hg < Pa02/FiO2 < 300 mm Hg with PEEP or CPAP = 5 cm H20
Moderate ARDS: 100 mm Hg < PaO2/FiO2 < 200 mm Hg with PEEP =5 ¢cm H20
Severe ARDS: Pa02/FiO2 < 100 mm Hg with PEEP =5 cm H.0
When PaOz is not available, the SpO2/FiO ratio < 315 suggests ARDS'S

B

Sepsis' Documented or suspected infection associated with any organ dysfunction such as oliguria, acute kidney injury, hypoxemia
(PaO2/FiO2 < 300), transaminase elevations, coagulopathy, thrombocytopenia, altered mental status, ileus,
hyperbilirubinemia; OR signs of hypoperfusion such as lactic acidosis, decreased capillary refill or skin mottling; OR
hypotension.

Septic shock Sepsis-induced hypotension despite adequate fluid resuscitation (SBP < 90 mm Hg, MAP < 70 mm Hg, or an SBP decrease >
40 mm Hg or less than two standard deviations below normal for age in children); or signs of hypoperfusion (lactate > 4
mmol/L)".

Abbreviations: SpO2, oxygen saturation; PaO, partial pressure of oxygen; FiOz, fraction of inspired oxygen; CPAP, continuous positive airway pressure; PEEP, positive end-
expiratory pressure; HR, heart rate; RR, respiratory rate; SBP, systolic blood pressure; MAP, mean arterial blood pressure; sd, standard deviation.

*  Ifaltitude is higher than 1000m, then correction factor should be calculated as follows: PaO2/FiO2x Barometric pressure/760.

¢ Small studies have found that in patients with MERS-CoV infection, the most common radiographic finding are peripherally predominant ground glass opacities. However,
consolidation, mixed ground glass and consolidation and pleural effusion have also been described®.

T Sepsis definitions are currently being re-defined by the European Society of Intensive Care Medicine and the Society of Critical Care Medicine based on recent publication that
found the presence = 2 SIRS criteria failed to identify all patients at increased risk of death. Information presented here is from an electronic communication with working group
member'7.18
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2. Implementation of IPC measures

Administrative, engineering, environmental and hospital
infection control teams should work in harmony to promote

safety from the patient’s first point of contact with the health

care system, through hospital admission and until discharge.

>

Apply STANDARD precautions routinely to ALL patients
in ALL health care settings™.

At triage, recognize patient with AR, give the patient a
medical mask and place the patient in separate area.
When feasible, using medical masks by ARI patients will
contribute to source control and diminish potential for
environmental contamination??.

Organize the space and process to permit spatial
separation'?. Keep at least 1-2 meter between each
patient with ARI and other individuals not wearing PPE.

Ensure that triage and waiting areas are adequately
ventilated®.

Encourage respiratory hygiene (i.e. covering the mouth
and nose during coughing or sneezing with a tissue,
sleeve or flexed elbow), followed by hand hygiene and
disposing tissue immediately®.

When caring for patient with ARI also apply DROPLET
precautions. If patient is suspected to have MERS-CoV,
additionally apply CONTACT precautions. See TABLE 2
for details .

For patients with suspected MERS-CoV infection that
require hospitalization, place patient in an adequately
ventilated single room away from other patient care
areas.

Do not place suspect patients in the same area or room
as those who are confirmed MERS-CoV cases.

Table 2. How to implement infection control measures

If single rooms are insufficient for the number of individuals,
then apply cohorting (placement of patients with the same
etiological diagnosis in the same designated unit or ward) to
reduce transmission to other patients or health care workers.
Limit the number of people entering the assigned area to the
minimum number required for patient care.

When performing an aerosol generating procedure (i.e.
aspiration or open suctioning of respiratory tract,
intubation, bronchoscopy, cardiopulmonary resusci-
tation) also apply AIRBORNE precautions.

Tracheal intubation has been consistently associated with an
increased risk of pathogen transmission during SARS-CoV
outbreaks (20). Increased risk of SARS-CoV transmission
was also reported when performing non-invasive ventilation,
tracheotomy and manual ventilation before intubation;
however, these findings were identified from a limited
number of very low-quality studies®.

Though definitive evidence is lacking, non-invasive
ventilation, high-flow nasal cannula, aerosolized
nebulizer treatments, chest physiotherapy also have the
potential to generate aerosols and facilitate transmission
of respiratory viruses. When performing these
treatments, also implement AIRBORNE precautions.

Advise visitors and family members about risk of
transmission. Instruct them on personal protection
equipment (PPE) use and hand hygiene. Evaluate for
symptoms of ARI before visit. Limit visitors to those
essential for support. Advise that anyone who is at
increased risk of severe disease does not care for the ill
person.

For WHO IPC guidance related to MERS-CoV, please see
http://www.who.int/csr/disease/coronavirus_infections/technical-guidance-
infection/en/.

When caring for ALL
patients

Apply routinely in all health-care settings for all patients. Standard precautions include: hand hygiene; use of personal protective
equipment (PPE) to avoid direct contact with patients’ blood, body fluids, secretions (including respiratory secretions) and non-

intact skin. Standard precautions also includes: prevention of needle-stick or sharps injury; safe waste management; cleaning
and disinfection of equipment; and cleaning of the environment'®.

When caring for patients
with cough or other
respiratory symptoms

(ARI)

Droplet precautions prevent large droplet transmission of respiratory viruses. Use a medical mask if working within 1-2 metre of
the patient. Place patients in single rooms, or group together those with the same etiological diagnosis. If an etiological diagnosis
is not possible, group patients with similar clinical diagnosis and based on epidemiological risk factors, with a spatial separation

of at least 1 metre. When providing care in close contact with a patient with respiratory symptoms (e.g. coughing or sneezing),
use eye protection (face-mask or goggles), because sprays of secretions may occur. Limit patient movement within the institution
and ensure that patients wear medical masks when outside their rooms*®,

When caring for patients
with suspected MERS-CoV

Contact precautions prevent direct or indirect transmission from contact with contaminated surfaces or equipment (i.e. contact
with contaminated oxygen tubing/interfaces). Use PPE (a medical mask, eye protection, gloves and gown) when entering room

and remove it when leaving. If possible, use either disposable or dedicated equipment (e.g. stethoscopes, blood pressure cuffs
and thermometers). If equipment needs to be shared among patients, clean and disinfect it between each patient use. Ensure
that health care workers refrain from touching their eyes, nose or mouth with potentially contaminated gloved or ungloved hands.
Avoid contaminating environmental surfaces that are not directly related to patient care (e.g. door handles and light switches).
Ensure adequate room ventilation. Avoid movement of patients or transport. Perform hand hygiene'®.

When performing an
aerosol-generating
procedure in patient with

ARI

Ensure that healthcare workers performing aerosol-generating procedures (i.e. aspiration or open suctioning of respiratory
tract specimens, intubation, cardiopulmonary resuscitation, bronchoscopy) use PPE, including gloves, long-sleeved
gowns, eye protection, and particulate respirators (N95 or equivalent, or higher level of protection). Whenever possible, use

adequately ventilated single rooms when performing aerosol-generating procedures. This means negative pressure rooms with
minimum of 6 to 12 air changes per hour or at least 60 liters/second/patient in facilities with natural ventilation. Avoid

unnecessary individuals in the room1®.
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3. Collection of specimens for laboratory
diagnosis and antimicrobial therapy

Collect blood cultures for potential bacterial pathogens
that can also cause pneumonia and sepsis, ideally
before antimicrobial therapy. This must NOT
significantly delay the start of antimicrobial therapy*.

Collect upper respiratory tract specimens, preferably
both nasopharyngeal and throat swabs, for viral testing.

When collecting upper respiratory tract (URT) samples
ensure to use sterile dacron or rayon swabs (not cotton), to
take sample from nasopharynx (preferably flocked swabs)
not just the nostrils or tonsils, and to transport samples in
viral transport medium. Single negative samples from the
URT are common. Thus, collect multiple URT samples
along with lower respiratory tract (LRT) samples when
suspicion of MERS-CoV infection remains high?..

Collect lower respiratory tract specimens, i.e., sputum
(not saliva), endotracheal aspirate, bronchoalveolar
lavage, for both bacterial and viral testing?!.

In those with serious illness and/or pneumonia, the most
appropriate specimens for MERS-CoV testing are LRT
specimens. LRT samples are more likely to be positive than
URT specimens and virus can be detected in LRT specimens
for longer periods than in URT specimens®?,

Collect serial respiratory specimens to examine early
MERS-CoV replication kinetics and to confirm viral
clearance. The frequency of specimen collection will
depend on local circumstances, but in the initial two
weeks, collect specimen at least every 2 to 4 days.
Continue to collect until there are two consecutive
negative results to confirm clearance of the virus?!.

Viral testing should be done by reverse-transcriptase
polymerase chain reaction (RT-PCR) assay if possible.
Initially, include testing for other respiratory viruses, such as
influenza A and B including zoonotic influenza A viruses
(eg. avian H5 or H7); RSV, parainfluenza viruses,
rhinoviruses, adenoviruses, enterovirus (EVD68) human
metapneumovirus, and non-SARS coronaviruses.

For antibody detection, paired serum samples should ideally
be collected 14 —21 days apart, with the first being taken
during the first week of illness. If only a single sample can
be collected, this should be done at least 14 days after the
onset of symptoms?. Consider serology also when virology
testing by RT-PCR is limited or the infection is considered
late in the course of the illness (> 14 days)®.

For research and perhaps prognostic purposes, consider
collecting specimens from other sites (blood, urine, stool)
for viral testing; also conjunctival swabs if conjunctivitis is
clinically present and cerebrospinal fluid (if lumbar puncture
is performed for clinical reasons). This can provide
additional information about MERS-CoV replication and
detection patterns. Of note, in one case series of 19 patients
tested with both respiratory tract and serum samples for
virus by RT-PCR, a positive serum RT-PCR was associated
with increased mortality*.

Contact WHO or relevant national public health body for
information about laboratories that can test for the presence
of MERS-CoV.

Give empiric, effective antimicrobials to treat all likely
pathogens, including community-acquired pneumonia or
health care-associated pneumonia (if infection was
acquired in health care setting) and sepsis. Give within
one hour.

Although the patient may be suspected to have MERS-CoV
infection, administer appropriate empiric antimicrobials as
soon as possible-within ONE hour if sepsis (11). Antibiotic
treatment should be selected based on local epidemiology,
susceptibility data and guidance until the diagnosis is
confirmed. Empiric therapy can then be adjusted on the
basis of laboratory results. This recommendation includes
antiviral therapy with neuraminidase inhibitor for treatment
of influenza, when there is local circulation or possible risk
facttz)Ars for exposure to animal influenza viruses (e.g., avian
H5)~".

4. Early supportive therapy and monitoring

Give supplemental oxygen therapy to patients with SARI
with signs of respiratory distress, hypoxaemia (SpO:
<90%) or shock immediately.

Initiate oxygen therapy at 5 L/min and titrate flow rates to
reach target SpO, > 90% in non-pregnant adults and children
and SpO, > 92-95 % in pregnant patients'®**?*. All areas
where patients with SARI are cared for should be equipped
with pulse oximeters, functioning oxygen systems and
disposable, single-use, oxygen-delivering interfaces (nasal
cannula, simple face mask, and mask with reservoir bag)®.
Use contact precautions when handling contaminated
oxygen interfaces of patients with MERS-CoV infection.

Use conservative fluid management in patients with
SARI when there is no evidence of shock.

Patients with SARI should be treated cautiously with
intravenous fluids, because aggressive fluid resuscitation
may worsen oxygenation, especially in settings where there
is limited availability of mechanical ventilation®”.

€3 Do not give high-dose systemic corticosteroids or other
adjunctive therapies for viral pneumonitis or ARDS
outside the context of clinical trials unless they are
indicated for another reason.

Prolonged use of systemic high-dose corticosteroids can
result in serious adverse events in patients with SARI caused
by respiratory viruses®*?", A meta-analysis of therapies
administered to patients with SARS-CoV reported no
survival benefit and possible harms of corticosteroid
treatment like avascular necrosis, psychosis, diabetes, and
prolonged viral replication®*. Furthermore, use of high-dose
methylprednisolone can promote immunosuppression and
promote bacterial or fungal suprainfection®**. Therefore,
corticosteroids should be avoided unless they are indicated
for another reason®?*,
Closely monitor patients with SARI for signs of clinical
deterioration, such as rapidly progressive respiratory
failure and sepsis syndrome and apply supportive care
interventions immediately.

Application of timely, high quality and safe intensive care
supportive therapies is the cornerstone of therapy for
patients that develop severe manifestations of MERS-CoV
infection.
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Understand the patient’s co-morbid condition(s) as this
will impact the management of their critical illness and
their prognosis. Communicate early with patient and
family.

During intensive care management of acute respiratory
illnesses, determine which chronic therapies should be
continued and which therapies should be stopped
temporarily. Communicate proactively with patients and
families and provide support because more deaths have been
reported in older patients with co-morbid diseases. Get to
know the patient’s values and preferences in regards to
intensive care treatments, especially in patients with a
known terminal illness.

5. Management of severe respiratory distress,
hypoxemia and ARDS

Recognize severe hypoxemic respiratory failure when a
patient with severe respiratory distress is failing
standard oxygen therapy.

Patients may continue to have increased work of breathing
or hypoxemia even when standard oxygen therapy is
delivered via a face mask with reservoir bag (flow rates of
10 -15 L/min delivers oxygen concentration, FiO,, between
0.60 and 0.95). Hypoxemic respiratory failure in ARDS is
commonly caused by a high intrapulmonary shunt fraction.
Therapy usually requires mechanical ventilation.

Wherever available, and with trained staff members,
high-flow oxygen (up to 50 L/min) can be used in
carefully selected cases of non-hypercapnic hypoxemic
respiratory failure.

There are newer high-flow oxygen systems now that deliver
up to 50-60 L/min flow rates using newer nasal cannula
interfaces. These have shown improvement in respiratory
distress and oxygenation compared with traditional
facemasks®'. A recent randomized, multi-centre trial
reported that high-flow oxygen when compared to standard
oxygen and non-invasive ventilation (NIV) was associated
with similar intubation rates (38% vs. 47 % vs. 50%,
respectively, p=0.18)*. Patients were excluded if they had
hypercapnea (PaCO,> 45 mmHg) exacerbation of
obstructive lung disease, cardiogenic pulmonary oedema,
hemodynamic instability or impaired level of consciousness.
To date, there are no published reports on the use of high-
flow oxygen in patients with MERS-CoV infection.

When high-flow oxygen is used, monitor the patient
closely in an ICU. Because high-flow oxygen therapy has
potential to generate aerosols, use with AIRBORNE
precautions. If unsuccessful, do not delay endotracheal
intubation.

Wherever available, and when staff members are trained,
institute mechanical ventilation early in patients with
increased work of breathing or hypoxemia that persists
despite standard high flow oxygen therapy.

Choose the type of mechanical ventilation based on resource
availability, staff experience and risk-benefit analysis.
Options include non-invasive ventilation (NIV)
administered through a tight-fitting mask or invasive
mechanical ventilation administered through an
endotracheal tube or tracheostomy.

In patients with SARI with non-hypercapneic hypoxemic
respiratory failure, NIV should be used only in selected
cases and in centres with experience with NIV.

NIV is the delivery of bi-level positive airway pressure
through a tight-fitting mask. It reduces the need for
endotracheal intubation in patients with severe exacerbations
of chronic obstructive pulmonary disease and cardiogenic
pulmonary oedema. There is, however, insufficient evidence
to promote its use in patients with severe pneumonia or
ARDS, unless immunosuppression is also present or disease
is mild without impaired consciousness or cardiovascular
insufficiency®®*’. A case series of patients with MERS-CoV
infection, found most patients treated with NIV failed this
modality of therapy and endotracheal intubation was
required.

When NIV used, it should be used as a short trial,
Monitor the patient closely in an ICU. Because NIV has
potential to generate aerosols, use with AIRBORNE
precautions. If NIV is unsuccessful, do not delay
endotracheal intubation. Some investigators have raised
concerns regarding NIV’s potential to cause ventilator-
induced lung injury by allowing the delivery of
excessively large tidal volumes3s.

Wherever available, and when staff members are trained,
proceed with endotracheal intubation using a rapid
sequence induction.

Patients with ARDS, especially young children those who
are obese or pregnant, may desaturate quickly during
intubation. Pre-oxygenate patients with 100% FiO, for 5
minutes, via a bag-valve mask or NIV and then proceed with
rapid-sequence intubation. Experienced staff members
should be present. Remember to implement AIRBORNE
precautions.

Initiate a lung-protective ventilation strategy (LPV, low
volume, low pressure) for patients with ARDS after
intubation

Implementing a low-volume, low-pressure ventilation
strategy/protocol, which targets a tidal volume of 6 ml/kg
(predicted body weight), a plateau airway pressure (Pplat) of
<30 cm H,0 and SpO, 88 - 93% or PaO, 55-80 mm Hg
(7.3-10.6 kPa) has been shown to reduce mortality in a
heterogeneous population of ARDS patients of all ages
The clinical trial’s ventilator protocol is available®.

11,39

To reach LPV targets, allow permissive hypercapnea.

To reach target SpO2, use adequate PEEP (to keep
alveoli aerated) for the degree of hypoxemia. PEEP-FiO2
tables are available on ventilator card.

Consider deep-sedation targets if unable to control tidal
volume.

Avoid disconnecting the patient from the ventilator.
Disconnection results in loss of PEEP and lung collapse.
Use in-line catheters for airway suctioning, clamp tube
when disconnection is required and minimize transport.

In patients with moderate-severe ARDS, consider
adjunctive therapeutics early, especially if failing to
reach LPV targets.

Various interventions have been shown to reduce mortality
in severe cases of ARDS when added to the LPV strategy
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described above. Based on local resources and expertise,
conduct a careful risk-benefit analysis (each intervention has
risks), and chose the best intervention for the individual
patient.

Place the patient in the prone position. This improves
oxygenation and survival in patients with severe ARDS
(Pa02/FiO2 < 150) when implemented early and for at
least 16 consecutive hours a day4'#2. Care must be taken
to turn the patient safely.

Administer neuromuscular blockade for initial 48 hours.
This improves survival in patients with severe ARDS
(Pa02/FiO2 < 150) and increases time off the ventilator
without causing significant weakness#4.

Use higher PEEP levels in patients with moderate and
severe ARDS (Pa0:/FiO: < 200). This is associated with
improved survival in a meta-analysis*.

Use a conservative fluid management strategy for all
ARDS patients who are not in shock to shorten the
duration of mechanical ventilation'146,

6. Management of septic shock

Recognize sepsis-induced shock when patient develops
hypotension (SBP < 90 mm Hg, MAP < 70 mm Hg, or an
SBP decrease > 40 mm Hg compared to pre-morbid
value, or less than two standard deviations below
normal for age) that persists after adequate fluid
challenge or has signs of tissue hypoperfusion (lactate >
4 mmol/L). Initiate early resuscitation.

Standard care includes early recognition, early antimicrobial
therapy (within one hour) and early initial fluid bolus
followed by subsequent fluid loading as needed and
vasopressor use based on clinical response***"*. The use of
invasive monitors such central venous catheter and intra-
arterial catheters should be based on resource availability
and individual patient needs. In adults, recent clinical trials
have demonstrated that strict, early resuscitation protocols
targeting central venous pressure (CVP) and central venous
saturation (ScvO,) are not associated with improved survival
when compared to standard care*”*°. Revised resuscitation
bundles are available at the Surviving Sepsis Campaign
website®. In children, use the WHO Pocket Book of
Hospital Care for Children and the American College of
Critical Care Medicine Pediatric Life Support (ACCM-
PALS) guidelines for the management of septic shock***".

Give early and rapid infusion of crystalloid intravenous
fluids for septic shock to achieve a minimum of 30 ml/kg
in adults over one hour, or 20 ml/kg over 15-20 minutes
in children

Give crystalloid fluids, i.e., normal saline or Lactated
Ringer’s solution, as fluid challenge to achieve a minimum
of 30 ml/kg in adults over one hour, or 20 ml/kg over 15-20
minutes in children)™. Determine need for further fluid
boluses (250-1000 ml in adults or 10-20 ml/kg in children)
based on clinical response and improvement of perfusion
targets. Perfusion targets include MAP (> 65 mm Hg), urine
output (> 0.5 ml/kg/hr in adults, Iml/kg/hr in children), and

improvement of skin mottling, capillary refill and
sensorium®*. Consider use of cardiac ultrasound or other
dynamic indices of volume responsive for guidance based
on local resources and experience™.

Overly aggressive fluid resuscitation may lead to
respiratory impairment. If there is no response to fluid
loading and signs of volume overload appear (i.e. jugular
venous distension, crackles on auscultation, pulmonary
oedema on chest X-ray or hepatomegaly in children)
then reduce or discontinue fluid administration. This is
particularly important in resource-limited settings where
mechanical ventilation is not available2452,

€3 Do not give hypotonic or starch-based solutions for
resuscitation. Starches have been associated with an
increased incidence of renal dysfunction and
failure?153.54

€3 Do not use fluid balance as a guide to administer or
withhold further volume loading?.

Administer vasopressors when shock persists despite
fluid resuscitation. This is to maintain adequate
perfusion pressure. The initial perfusion target is MAP >
65 mmHg or SBP >90-100 mm Hg in adults and age
appropriate targets in young children'.24,

Vasopressors (i.e. norepinephrine, epinephrine and
dopamine) are most safely given through a central venous
catheter at a strictly controlled rate™. During infusion,
monitor blood pressures frequently, in order to titrate to the
minimum dose necessary to maintain perfusion and prevent
side effects™. In patients with chronic hypertension,
consider individualizing MAP target to higher level (i.e. >80
mmHg) to reduce risk of renal injury™**. Because of cardiac
arrhythmias, consider only using dopamine in selected
patients with low risk of tachyarrhythmia or those with
bradycardia®’.

In resource-limited settings, if central venous catheters
are not available, vasopressors can be given carefully
through a peripheral IV placed in a large vein but closely
monitor for signs of extravasation and necrosis. If
extravasation occurs, stop infusion?,

If signs of poor perfusion and cardiac dysfunction
persist despite achieving MAP target with fluids and
vasopressors, consider use of an inotrope, such as
dobutamine!.

Consider administration of intravenous hydrocortisone
(up to 200 mg/day, 1mg/kg 6 hourly for children) or
prednisolone (up to 75 mg/day) to patients with
persistent shock who require escalating doses of
vasopressors''.25, Taper when shock resolves.

7. Prevention of complications

Implement the following interventions (Table 3) to prevent
complications associated with critical illness.
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Table 3. Treatment of complications

Anticipated Outcome

Interventions

Reduce days of invasive
mechanical ventilation (IMV)

Weaning protocols that include daily assessment for readiness to breathe spontaneously!!

Sedation protocols to titrate administration of sedation to a target level, with or without daily interruption of continuous
sedative infusions'!

Reduce incidence of ventilator-
associated pneumonia

Oral intubation is preferable to nasal intubation in adolescents and adults

Perform regular antiseptic oral care

Keep patient in semi-recumbent position

Use a closed suctioning system; periodically drain and discard condensate in tubing

Use a new ventilator circuit for each patient; once patient is ventilated, change circuit if it is soiled or damaged but not
routinely

Change heat moisture exchanger when it malfunctions, when soiled or every 5-7 days
Reduce days of IMV

Reduce incidence of venous
thromboembolism

Use pharmacological prophylaxis (for example, heparin 5000 units subcutaneously twice daily or a low molecular-weight
heparin) in adolescents and adults without contraindications'. For those with contraindications, use mechanical
prophylactic device such as intermittent pneumatic compression devices.

Reduce incidence of catheter-

Use a simple checklist during insertion as reminder of each step needed for sterile insertion and daily reminder to remove

related bloodstream infection catheter if no longer needed>6

Reduce incidence of pressure o Turn patient every two hours
ulcers

Reduce incidence of stress o Give early enteral nutrition (within 24—48 hours of admission), administer histamine-2 receptor blockers or proton-pump
ulcers and gastric bleeding inhibitors™!
Reduce incidence of ICU- o Early mobility

related weakness

8. Experimental virus-specific therapeutics

At this time, there is no conclusive evidence from
rigorous clinical trials in humans to recommend any
virus-specific treatments for patients with suspected or
confirmed MERS-CoV infection.

Treatment with investigational therapeutic agents should
use standard research treatment protocols, employ
systematic clinical and virologic data collection, and
occur in the context of controlled research trials and
with local ethics review and approval.

Open access SARI data collection protocols and case
record forms are at available at
https:/lisaric.tghn.org/protocols/sari-bsp/

Various compounds have been found to have in vitro
inhibitory activity against MERS-CoV infection. Most
notable are the type 1 interferons (IFNs), with IFN—3
showing the strongest inhibitory activity®’. Others include
ribavirin, mycophenolic acid, cyclosporine, chloroquine,
chlorpromazine, loperamide, lopinavir, 6-mercaptopurine
(6MP) and 6-thioguanine (6 TG), but for many inhibition
occurs at concentrations that cannot be achieved safely in
humans®*"*8, Furthermore, in-vitro activity does not
necessarily translate to efficacy in animal models or in
humans. In rhesus macaques infected with MERS-CoV,
combination therapy with high doses of IFN- a2b with
ribavirin modestly reduced viral titres and measures of lung
injury® but observational studies of clinical use have
reported inconsistent findings (below).

Various monoclonal and polyclonal antibody preparations
with neutralizing activity inhibit MERS-CoV in pre-clinical
models. However, there are no data to date on the use of
these preparations or of convalescent plasma to treat patients
with MERS-CoV infection. A systematic review and

exploratory meta-analysis of patients with SARS-CoV and
influenza virus treated with convalescent plasma showed a
reduction in mortality, so that it has been considered a
potential treatment®. However, the availability of
convalescent plasma, particularly with well-defined levels of
MERS-CoV neutralizing and other antibodies, remains
extremely limited. Also there are concerns that the
therapeutic window for administration is short and that the
treatment dose may cause undesired volume expansion in
patients with ARDS.

Since 2013, investigators from the Kingdom of Saudi Arabia
have published several retrospective observational studies
using IFNs in combination with ribavirin in humans with
severe MERS-CoV infection*®*. These studies are small,
nonrandomized, and unadjusted for confounders. The most
recent publication on 32 patients compared outcomes in 13
patients treated with IFN-02a (180 pg subcutaneously once
weekly) combined with ribavirin (loading dose of 2 g orally
followed by 600 mg orally every 12 h) to 11 patients treated
with IFN-Bla (44 ug subcutaneously three-times weekly)
combined with ribavirin and found high mortality in both
groups and no significant difference between them, 85% vs.
64%, p=0.24*. Although an earlier study of 20 patients
treated with IFN- a2a combined with ribavirin found an
improved survival rate at 14 days, these favorable findings
were no longer significant by day 28 (70 % mortality vs.
83% in comparator group [untreated patients with confirmed
MERS-CoV infection] p = 0.54)°". The authors suggested
the lack of effectiveness could be attributed to older age,
presence of co-morbid conditions and delay in treatment
initiation®’. There is only one published case study on the
use of lopinavir as part of triple therapy regimen (combined
with IFN and ribavarin) in a MERS-CoV infected patient
that subsequently died in Greece®.


https://isaric.tghn.org/protocols/sari-bsp/
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A list of candidate therapeutics for clinical study has been
compiled by Public Health England and the International
Severe Acute Respiratory and Emerging Infection
Consortium (ISARIC)®, Future studies are needed to
evaluate potential MERS-CoV-specific treatments,
preferably using a randomized control study design and
standard research treatment protocols. Such research
protocols are necessary to standardize treatment
interventions, including early administration, appropriate
dosing regimens and adequate clinical and laboratory data
collection. When data are shared with other treatment
centers around the world, the power to detect efficacy or
harm is strengthened.

9. Special considerations for pregnant patients

Pregnant women with MERS-CoV infection should be
treated with supportive therapies as described above
taking into account the physiologic adaptations of
pregnancy.

Experimental, virus-specific treatments should be
guided by individual risk-benefit analysis based on
potential benefit for mother and safety to fetus, with

consultation of obstetric specialist and ethics committee.

Ribavirin has been shown to be genotoxic in vitro and
teratogenic in animal models. Some other compounds
considered for experimental treatments of MERS have not
been tested for safety in pregnancy. Use of any of these
compounds in pregnancy should be considered only when
the benefit outweighs the risk of treatment.

Emergency delivery/pregnancy termination decisions
are challenging and based on many factors: gestational
age, maternal condition, and fetal stability.
Consultations with obstetric, paediatric and intensive
care specialist are essential.
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