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he emergence of a novel human coronavirus

recently renamed the Middle East Respiratory

Syndrome Coronavirus (MERS-CoV) from
the Arabian Peninsula has created global alarm because
it is the causative agent of a severe and frequently fatal
acute respiratory illness (SARI) resembling the illness
caused by severe acute respiratory syndrome (SARS)
coronavirus (SARS-CoV).** The case fatality rate (CFR)
in patients infected with MERS-CoV is high—esti-
mated at 43% in 147 patients reported so far by World
Health Organization (WHO).?> This rate is higher
than that of SARS—estimated at 15%, and is strongly
age- and sex-dependent.* Although the source of virus
in patients with sporadic infection remains unknown,
it appears likely to be some species of animal.** Clear
evidence of limited human-to-human transmission of
MERS-CoV has now been documented in several case
clusters, including particularly family members and
patients in health care facilities,*® but all such clusters
have, at least thus far, been limited in extent. However, a
real concern persists that the virus will adapt to interhu-
man transmission and switch from an aborted epidemic
to a pandemic similar to the SARS-CoV epidemic in
2003-2004. MERS-CoV is transmitted through drop-
lets and contact. In the case of invasive respiratory pro-
cedures, MERS-CoV is transmitted through airborne
route.” Early diagnosis and strict implementation of the
core components for infection prevention and control
programs are crucial for preventing epidemic amplifica-
tion.” In the absence of an effective vaccine and a specific
antiviral treatment, there is an urgent need to rapidly
identify potential therapeutics.

Coronaviruses: Back to Basic

The name “coronavirus” was coined in the mid-1960s,
and it was derived from the “corona’-like or crown-like
morphology observed for these viruses when viewed
in negatively stained preparations under electron mi-
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croscope. Coronaviruses are enveloped, spherical, or
pleiomorphic viruses, typically about 100 nm in diam-
eter, and are the largest positive-strand RNA viruses.
They possess a 5'-capped, single-strand positive-sense
RNA genome, with a length between 26.2 and 31.7
kb—the longest among all RNA viruses. The genome
is packaged into a helical nucleocapsid surrounded by a
host-derived lipid bilayer. The virion envelope contains
at least 3 viral proteins: the spike protein (S), the mem-
brane protein (M), and the envelope protein (E). The M
and E proteins are involved in virus assembly, whereas
the spike protein is the leading mediator of attachment
and viral entry®'® The spike protein is also a major fac-
tor in determining the host range. Coronaviruses are
classified into the following 4 different genera, histori-
cally based on serological analysis and now on genetic
studies: alpha-, beta-, gamma-, and delta-CoV (Table
1). In animals they cause a wide variety of respirato-
ty, enteric, central nervous system (CNS), and other
diseases, whereas in humans they cause primarily re-
spiratory infections.”'® The 5 human coronaviruses
are as follows: alpha coronaviruses including 229E
and NL63, and beta coronaviruses including OC43,
HKU1, and SARS-CoV (the coronavirus that caused
the SARS epidemic in 2002-2003)."* Although the
human coronaviruses were discovered only in the be-
ginning of 1960s, they have probably been circulating
in the human population worldwide for a long time.
HCoV-OC43 apparently jumped from a bovine host
into humans about 120 years ago and has become en-
demic worldwide.'” Interest in this family of viruses
grew in the aftermath of the SARS coronavirus, which
resulted in a global outbreak of pneumonia in 2003 af-
fecting people in approximately 30 countries and re-
sulting in about 800 deaths.! This episode led to the
identification of many new family members, and also
shed light on the capabilities of coronaviruses to jump
across species boundaries.
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MERS-Coronavirus

In June 2012, a novel human coronavirus was identified
in a Saudi Arabian businessman who died of an acute
respiratory illness and renal failure.’ Since that time, the
same virus has returned in both sporadic cases, in small
clusters, and in large health care facilities outbreaks. To
date, cases have been reported from 9 countries: Jordan,®
Saudi Arabia,’ Qatar,’ the UK, Germany,'* the United
Arab Emirates (UAE),” Tunisia,'® France,'® and Italy"”
(Table 2). All cases either occurred in the Middle East
or had direct links to a primary case infected in the
Middle East.>**® In May 2013, the Coronavirus Study
Group of the International Committee on Taxonomy
of Viruses named the novel coronavirus as“Middle East
Respiratory Syndrome Coronavirus (MERS-CoV),
on the basis of the outbreak dynamic.! The presence of
MERS-CoV was demonstrated by reverse-transcrip-
tase polymerase chain reaction (RT-PCR) and the iso-
lation of the virus from respiratory secretions.>**** The
analysis of the genome size, organization, and sequence
revealed that MERS-CoV is a Betacoronavirus in lin-
eage c (significantly different from SARS-CoV, which
is also a Betacoronavirus but in lineage b) and human
betacoronaviruses OC43 and HKU1 which are placed
in lineage a.** The virus is most closely related to sev-
eral bat coronaviruses from various bat species in Africa
and Eurasia® The polymerase amino acid sequence
of the most closely related bat virus (VM314) differs
from MERS-CoV only by 1.8% (as opposed to the
HKUS5, which differs by 5.5%-5.9%).>” MERS-CoV
genetic sequences from 21 cases in Saudi Arabia have
been pooled with 9 previously published MERS-CoV
genomes. The investigators estimate that MERS-CoV
emerged in July 2011, though the emergence could have
occurred as early as July 2007.* The reservoir and hosts
of the MERS-CoV are still unknown. Although virus
RNA was possibly detected from bat feces collected in
the vicinity of the index case, it seems unlikely that bats
are the immediate contact for the human cases because

Table 1. Coronavirus taxonomy.

Order Nidovirales
Family Coronaviridae

Alphacoronavirus
Betacoronavirus

Genera Deltacoronavirus
Gammacoronavrus
Genome (+)ssRNA, ~30 kb (20-33 kb)
6 1a,1b, S, E, M, N, Assorted
enes ORFs

MERS-CoV

human-—bat contacts are of relatively low frequency.®
Two independent studies suggested that dromedary
camels in Oman, the Canary Islands, and Egypt might
have been infected with the virus or a MERS-CoV-like
virus in the past. However, human cases were not de-
tected in these areas.”*?” Further surveillance of both
bats and other potential reservoirs is ongoing and the
epidemiology of this virus will become clearer. With
the exception of extensive sequence data,” information
on the biology of the MERS-CoV or its pathogenic-
ity in man is scant. Studies in vitro revealed a broad
tropism for replication in cell lines originating from dif-
ferent mammalian species, potentially indicating a low
barrier for cross-species transmission.® As compared
with other coronaviruses, MERS-CoV was isolated
and propagated relatively easily in Vero and LLC-MK2
cells. The only other human coronaviruses that repli-
cate well in these monkey-cell lines are SARS-CoV and
HCoV-NL63, both of which use human angiotensin—
converting enzyme 2 as their receptor.”® In contrast, the
cell receptor for the MERS-CoV has been identified as
dipeptidyl peptidase 4 (DPP4).*° The DPP4 protein,
a common protease, is expressed on several epithelial
cells, including primary human bronchiolar lung tissue,
and is consistent with the ability of the virus to infect
the lower respiratory tract. The protein is also present
on the epithelium of kidney, small intestine, liver, and
prostate.” In infected patients, MERS-CoV has been
detected in the respiratory tract, blood, urine, and rectal
mucosa. Whether the virus replicates in the respiratory
tract and then disseminates to other organs, such as
kidney or gastrointestinal mucosa, remains to be de-
termined. MERS-CoV has been shown also to infect
rthesus macaques, allowing the development of an ex-

Table 2. MERS cases and deaths.

Countries Cases (Deaths)
France 2(1)
ltaly 1(0)
Jordan 2(2)
Qatar 6 (3)
Saudi Arabia 124 (52)
Tunisia 3(1)
UK 3(2)
UAE 4(2)
Germany 2(0)
Total 147 (63)

NB. Current as of October 27(modify Ref.3)
http://www.moh.gov.sa/CoronaNew/PressReleases/Pages/default.aspx
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perimental animal model. In this model, extensive viral
pneumonia occurs, demonstrating at least partial fulfill-
ment of Koch postulates.’

Epidemiology
The earliest known cases of MERS were in a small clus-
ter in Zarqa city in Jordan.® In April 2012, an outbreak
of high fever and acute lower respiratory symptoms
of unknown etiology was reported by the Ministry of
Health in Jordan in an intensive care unit (ICU) of a
hospital in Zarqa with a high rate of transmission to
health care workers (HCWs). Among the 11 people af-
fected, 7 were nurses and 1 internist; 1 of the nurses
later died. In October 2012, after the discovery of the
MERS-CoV, stored samples from this outbreak were
tested, and the diagnosis of MERS-CoV was con-
firmed by RT-PCR in 2 of those who had died—the in-
dex patient and the male nurse caring for him. Further
analysis identified 11 probable cases from this outbreak
of whom 10 were HCWs and 2 were family members
of cases.®

The first laboratory confirmed case from which the
virus was first isolated was reported on September 20,
2012.° A 60-year-old Saudi man from Bisha was trans-
ferred on June 13, 2012 to a private hospital in the port
city of Jeddah, with a 7-day history of fever, cough, and
shortness of breath that progressed to acute respira-
tory distress syndrome with multi-organ dysfunction
syndrome, similar to what has been described in severe
cases of influenza and SARS. Hematologic changes
were evident in this patient in the form of lymphope-
nia, neutrophilia, and late thrombocytopenia. This
patient had no underlying condition and no history of
animal contact. He died of progressive respiratory and
renal failure. A postmortem examination was not per-
formed.” Since that time, MERS has returned as spo-
radic cases and small clusters in Saudi Arabia, Qatar,
the UAE, and Jordan. Cases also appeared in the UK,
Germany, Tunisia, France, and Italy, and these cases
originated in adults who came from or were traveling
in the Middle East. Certain MERS cases were clearly
transmitted between human beings, primarily in health
care and hospital settings but also within families. The
incubation period for MERS-CoV is still largely un-
known but was reported as prolonged in 1 documented
instance of person-to-person nosocomial transmission
(9-12 days).**> SARS-CoV also demonstrated a pro-
longed incubation period (median 4-5 days; range 2-10
days) compared to other human coronavirus infections
(average 2 days; typical range 12 hours to 5 days).**
Allowing for inherent variability and recall error, an
exposure history based on the prior 14 days is a rea-
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sonable and safe approximation. No reported instance
of transmission has been reported before the onset of
symptoms of disease. Transmission to casual and so-
cial contacts is uncommon. In Saudi Arabia where the
majority of laboratory-confirmed cases of MERS-CoV
were reported, we observed 3 main epidemiological pat-
terns. In the first pattern, sporadic cases occur in com-
munities. Surveillance of immediate and neighboring
premises were performed for several cases, along with
investigations of adjoining areas and locales such as rest
houses (istirahat) and farms that had been visited by
cases. This was used to guide specimen collections that
were forwarded to reference laboratories for sequenc-
ing studies. The hypothesis of bats being the possible
source of infection is undetlined by a study where bats
were captured or their feces were collected during 2
samplings in October 2012 and April 2013 in regions
of Saudi Arabia where cases were reported. Of a total
of 1003 samples, only 1 positive sample of MERS-CoV
was identified in October 2012 in a fecal pellet of the
bat species Taphozous perforatus from Bisha, a town in
the vicinity of the place of residence of the index case.?”
The fact that no other sequence information could be
generated from this animal might indicate a very low vi-
rus load in the sample, but this does not rule out higher
divergence within other genomic regions. Considerable
efforts are under way to identify possible animal sources
of MERS-CoV infection.

In the second pattern, clusters of infections occur
in families. A first cluster occurred in October 2012.
Of the 4 individuals in the household, 3 were labora-
tory-confirmed cases, of which 2 died. A second cluster
between 2 family contacts occurred in February 2013,
One of the individuals died, and 1 recovered after ex-
periencing a mild respiratory illness. Similar family
clusters occurred in both the UK and Tunisia.”** These
clusters provided clear evidence of human-to-human
transmission among family members possibly involving
different modes, such as droplet and contact transmis-
sion. The risk of MERS-CoV infection among close
contacts of patients is low, although the infection risk
is increased in patients with immunosuppression or co-
existing illnesses.

The third pattern comprises clusters of infections
in health care facilities. Such events were reported
in France, Jordan, the UAE, and Saudi Arabia.’> The
largest cluster was recently reported from hospitals in
the governoate of Al-Hasa, in the eastern province of
Saudi Arabia between April 1 and May 23, 2013: 23
confirmed and 11 probable cases were diagnosed as
part of a single outbreak that involved four healthcare
facilities.>** The majority of cases were patients, but 5
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family members and 2 health care workers were also
affected. The hemodialysis unit was the most heavily
affected, with 9 confirmed cases, but transmission also
occurred in the ICU and the medical ward. Based on
the epidemiology, one of the patients in the hemodi-
alysis unit appeared to have transmitted the infection
to 7 persons, another patient apparently infected 3 per-
sons, and 4 patients transmitted the infection to 2 per-
sons each. The median incubation period was 5.2 days,
with a range of 1.9 to 14.7 (95% CI).>* The outbreak
was reminiscent of SARS,*?? with 7 secondary cases
transmitted in a hemodialysis unit. It could have been
caused by multiple zoonotic or human introductions
in the community or inconsistent application of appro-
priate infection control practices by hospitals. Despite
a thorough investigation, the questions whether the
person-to-person transmission occurred through re-
spiratory droplets or direct contact, or whether it was
airborne remain unanswered. Based on the currently
available data, the airborne transmission of MERS-
CoV cannot be excluded, but there is no indication
that it plays an important role in the transmission of
the virus. Of the 23 coronavirus-infected individuals
in this outbreak, 65% died. Most of the cases in this
cluster had comorbidities.> With strict infection con-
trol measures in place, the outbreak was effectively
controlled and no more new cases were reported.
This shows that preventive infection control measures
are crucial to prevent the spread of this virus. At the
moment there is no evidence of any change in the in-
fectiousness of MERS-CoV. However, the pandemic
potential of MERS-CoV remains low. The basic re-
production number (R0) was estimated at 0.69, lower
than the RO for prepandemic SARS (0.80) and well
below the epidemic threshold of 1.%°

Table 3. People at high-risk of developing severe MERS-CoV
infection.

Diabetes
Chronic kidney disease
Chronic heart disease

Hypertension
Chronic lung disease
Obesity
Smoking
Malignant disease

Steroid use

MERS-CoV: Middle East Respiratory Syndrome Coronavirus.

MERS-CoV

Clinical Disease

MERS-CoV infection has affected persons aged >24
years, except for 7 children, aged 2 to 18 years. The me-
dian age of patients is 50 years (range: 2-94 years)."®
Earlier reports suggested a predominance of male
patients, but later series showed a larger proportion
of younger female cases. The male-to-female ratio is
1.6:1.*'8 The reason for the strong male predominance in
the beginning of the outbreak remains unexplained The
proportion of cases associated with health care settings
has increased substantially, and now accounts for 23%
of all reported cases.”® MERS occurs more frequently
among persons with chronic underlying medical condi-
tions or immunosuppression (Table 3), but some were
in previous good health.*! The severity of illness associ-
ated with MERS-CoV infection ranges from mild to
fulminant with the majority experiencing severe acute
respiratory disease requiring hospitalization. 8442 A
total of 18 asymptomatic or mildly symptomatic cases
were reported. All cases were without any symptom or
were very mild with 1 episode of fever with or without
myalgia and chills. In Saudi Arabia, 16 asymptomatic
cases were detected during screening of all contacts of
diagnosed cases. The remaining 2 asymptomatic cases
were detected in the UAE. The recent identification
of milder or asymptomatic cases of MERS in health
care workers, children, and family members of MERS
cases indicates that the severe disease that predomi-
nates among proven cases likely represents the tip of
the iceberg, and there is a spectrum of milder disease
that requires definition.**®* The clinical syndrome is
similar to SARS in which case infected persons pres-
ent initially with fever myalgia, malaise, and chills or
rigor (Table 4).%* Cough is common, but shortness of
breath, tachypnea with progression to pneumonia, and
respiratory failure occur early, particularly in patients
with comorbidities. Unlike other atypical pneumonias
caused by mycoplasma, viruses, or chlamydia, upper re-
spiratory symptoms such as rhinorrhea and sore throat
are uncommon. One in 4 or 5 patients had accompa-
nying gastrointestinal symptoms, including abdominal
pain, vomiting, and diarrhea.* One patient, with an un-
derlying immunosuppressive disorder, presented with
fever, diarrhea, and abdominal pain, but no respiratory
symptoms initially; pneumonia was identified inciden-
tally on a radiograph.*” Lymphocytopenia was common
with a normal neutrophil count on admission, and in
some patients the platelet count was depressed with a
consumptive coagulopathy. The levels of alanine ami-
notransferase, aspartate transaminase, and lactate de-
hydrogenase were raised.**' Other biochemical values
were normal in the majority of patients, However, these
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laboratory findings did not allow reliable discrimina-
tion between MERS and other causes of community-
acquired pneumonia.

Depending on the interval between the onset of
fever and hospital admission, initial chest radiographs
were abnormal in all cases. A spectrum of the follow-
ing radiographic abnormalities was seen: ground-glass
opacifications or patchy-to-confluent air space consoli-
dation, nodular opacities, reticular opacities, reticulo-
nodular shadowing, and pleural effusions. Progression
from unilateral focal air space opacities to multifocal or
bilateral involvement was frequent in patients admitted
to the ICU»?* About 89% of patients reported from
Saudi Arabia required admission to an ICU, and 72%
required mechanical ventilation or the implementation
of extracorporeal membrane oxygenation. Forty-two of
the 77 patients were reported to have died (case-fatality
rate [CFR]: 60%)." The mortality rate was similar in
female and male patients. CFRs were higher with in-
creasing age. The terminal events were severe respira-
tory failure, multiple organ failure, and sepsis. The cu-
mulative CFR decreased from 60% to 43%, calculated
from the beginning of the outbreak until October 4,
2013, which may be a reflection of enhanced surveil-
lance activities. All deaths were reported among adults
except one in a 2-year-old child.*

Diagnosis

MERS is a viral pneumonia that progresses rapidly. The
initial manifestations of MERS are not specific, and it
cannot be clinically differentiated from other acute
community-acquired pneumonias. The occurrence of
lower respiratory disease, particularly pneumonia, in
epidemiologically linked patient clusters raises the level
of suspicion but is not unique to MERS. Diseases such
as influenza can cause similar outbreaks. The case defi-
nition of MERS has been refined over time (Table 5).*
Given the lack of characteristic clinical features associ-
ated with MERS, the definition of cases relies heavily
on a history of contact with known patients.

The first molecular identification of a MERS-CoV
was completed using a conventional (non-real-time)
pan-coronavirus RT-PCR.More specific real-time
RT-PCR assays were described later.* Subsequently,
a number of RT-PCR assays that are specific for the
novel coronavirus were developed. Currently described
tests include an assay targeting upstream of the E pro-
tein gene (upE) and assay targeting the open reading
frame 1b (ORF 1b) and the ORF 1a gene. The assay
for the upE target is considered highly sensitive, with
the ORF 1a assay considered to be of equal sensitivi-
ties. The ORF 1b assay is considered less sensitive than
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Table 4. Comparison of demographic, clinical, and laboratory features of MERS-CoV

with SARS-CoV infection.?

Variables MERS-CoV SARS-CoV
Demographics
Number of cases 136 752

Incubation periods
(days; mean 95%)

Age of patient
Percent of children

See distribution no.

Ratio of male to female

Clinical features® (%)
Fever >38°C
Chills or rigors
Myalgia
Malaise
Cough
Rhinorrhea
Sore throat
Nausea or vomiting
Diarrhea

Mortality

Laboratory Results® (%)

Leukopenia
(<40.0x10° cells/L)

Lymphopenia
(1.5x10° cells/L)

Thrombocytopenia
(<140%10° cells/L)

Elevated serum alanine
aminotransferase level

Elevated serum lactate

dehydrogenase level
Radiographic
manifestations® (%)

Initial abnormal chest
radiograph

5.2 (1.9-14.7); range 2-13

56 (mean 14-94)
5-6%
83 male, 53 female

1.6:1

98
87.1
321

38

83

46

21

21

26

43

34

36

49

100

4.6(3.8-5.8); range 2-14

39.9 (mean 1-91)
5-7%
343 males, 409 females

0.84:1

99.9
51.5
48.5
58.8
65.5
13.8
16.5
26.7
20.1
0-40

24.2

66.4

29.7

44,1

45.6

60-100

*Modify from R42, 43.

"Based on published papers.

MERS-CoV: Middle East respiratory syndrome coronavirus, SARS-CoV: severe acute respiratory syndrome

coronavirus.
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Table 5. Revised interim case definition for reporting to WHO: MERS-CoV.?

Probable case

Three combinations of clinical, epidemiological, and laboratory criteria can define a probable case:

A person with a febrile acute respiratory illness with clinical, radiological, or histopathological evidence of pulmonary parenchymal
disease (e.g., pneumonia or acute respiratory distress syndrome)
AND
Testing for MERS-CoV is unavailable or negative on a single inadequate specimen
AND
The patient has a direct epidemiological link with a confirmed MERS-CoV case.

A person with a febrile acute respiratory illness with clinical, radiological, or histopathological evidence of pulmonary parenchymal
disease (e.g., pneumonia or acute respiratory distress syndrome)
AND
An inconclusive MERS-CoV laboratory test (i.e., a positive screening test without confirmation)
AND
A resident of or traveler to Middle Eastern countries where MERS-CoV virus is believed to be circulating in 14 days before onset of
illness.

A person with an acute febrile respiratory iliness of any severity
AND
An inconclusive MERS-CoV laboratory test (i.e., a positive screening test without confirmation)
AND
The patient has a direct epidemiological-link with a confirmed MERS-CoV case.?

Confirmed case
A person with laboratory confirmation of MERS-CoV infection.

ehttp://www.who.int/csr/disease/coronavirus_infections/case_definition/en/index.html

MERS-CoV: Middle East respiratory syndrome coronavirus, WHO: World Health Organization.

the ORF 1a assay but may be more specific (Figure
1).°°*! In our national reference laboratory in Saudi
Arabia we are targeting both upE assay for screening
and ORF1a assay for confirmation. Diagnostic labora-
tory work and PCR analysis should be conducted on
clinical specimens from patients who are suspected or
confirmed to be infected with novel coronavirus adopt-
ing practices and procedures described for basic labora-
tory—Biosafety Level 2 (BSL-2).°** There is a need to
have a carefully designed protocol that is adhered to for
the collection and transport of samples, including ap-
propriate cold chain, avoiding freezing until the speci-
mens reach the destination laboratory.

Evidence suggests that nasopharyngeal (NP) swabs
are not as sensitive as lower respiratory specimens for
detecting MERS-CoV infections. NP swabs were neg-
ative in patients who were close contacts of confirmed
cases and who developed pneumonia following contact.
In addition, a number of cases had negative tests on NP
swabs with positive tests of lower respiratory tract spec-
imens.* Lower respiratory tract specimens included
sputum, endotracheal aspirate for patients on mechani-
cal ventilation, and bronchial alveolar lavage for those
in whom it is indicated for patient management.***
Patients, in whom the diagnosis was strongly suspected
on the basis of epidemiological and clinical data, might

not be adequately excluded as having infection based
solely on a single negative NP swab. The MERS-CoV
strain has been demonstrated to grow well in cell lines
using LLC-MK2 and Vero cells. Virus isolation in cell
culture is not recommended, but if done, these activities
must be performed in BSL-3 facilities.”>* A serological
test based on indirect immunofluorescence using conva-
lescent patient serum has been described.” Recently a
serological tool based on protein microarray technology
has been developed for the specific detection of IgM and
IgG antibodies against MERS-CoV. The tool has been
validated with a limited number of specimens using
putative cross-reacting sera of patient cohorts exposed
to the 4 common hCoVs and sera from convalescent
patients infected with MERS-CoV or SARS-CoV.*"%#
This assay will aid the diagnosis in individual patients,
as well as confirm positive tests. It will also be useful in
contact studies and for human and animal population
screening. This will need to be validated for use in the

Middle East.

Management

Early diagnosis and strict implementation of the cur-
rent WHO guidelines for preventing infection and
control during the care of probable or confirmed cases
of MERS-CoV are crucial for preventing spread.”
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General supportive care continues to be the keystone
for managing patients who have an acute respiratory
failure and a septic shock as a consequence of severe
infection.” Patients with suspected MERS-CoV in-
fections were initially treated empirically with broad-
spectrum antibacterial drugs that are effective against
other agents that cause typical and atypical acute com-
munity-acquired pneumonia to exclude these diagno-
SeS.2’60'61

A review of published reports by the International
Severe Acute Respiratory and Emerging Infection
Consortium (ISARIC)® suggested that the use of
convalescent sera from recovered patients, although
untested, is likely to be the best therapy because of its
likely eflicacy in the treatment of subjects with SARS-
related pneumonia. Viral kinetic data for MERS-CoV
are currently lacking, and knowledge in this area will
facilitate planning of infection control and clinical
management, The administration of convalescent plas-
ma for SARS-CoV within 14 days of the onset of ill-
ness was associated with a higher discharge rate on day
22 of illness than for those who received convalescent
plasma late or not at all.**? Although convalescent
plasma may provide a useful treatment modality for se-
vere MERS-CoVco disease; however, the use should be
accompanied by an appropriately planned evaluation
of effectiveness. Peg IFN was 50 to 100 times more
effective for MERS-CoV than SARS-CoV.®® Recent
published data suggests this is the most active agent in
vitro of various compounds screened. Type I and III
IEN efficiently reduced MERS-CoV replication in
HAE cultures. MERS-CoV appears to be 50 to 100
times more sensitive to IFN-a. than is SARS-CoV.9*%*
A 16-hr subcutaneous administration with ribavirin in
MERS-CoV-infected macaques led to improvements
in clinical signs, radiographic changes, and viral load.
The combination appeared to have no clinical benefit
when given to patients infected with MERS-CoV.*?
There is limited, inconsistent evidence that Lopinavir/
ritonavir (Kaletra) has in vitro anti-SARS-CoV effect
and possible clinical benefit in patients, though the sci-
entific rationale for these effects is unclear.” Ongoing
in vitro studies with MERS-CoV are not yet con-
clusive, and there is no evidence that administration
would be beneficial for patients with MERS-CoV.*
Early in vitro evidence suggests cyclosporin A—a po-
tential pan-CoV inhibitor—demonstrates some in
vitro effect against MERS-CoV, although no clinical
or animal studies exist.”* The use of cyclosporine A is
not recommended outside of an appropriately planned
evaluation of effectiveness. The ISARIC recommends
that neither ribavirin nor corticosteroids be used out-
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Figure 1. Testing algorithm for suspected cases for MERS-CoV (modified Ref 50).

side of a randomized clinical trial (unless for some oth-
er clinical indication) because of their potential severe
adverse side effects.

Conclusion

The MERS-CoV is a highly pathogenic emerging respi-
ratory virus that has caused a small but lethal epidemic
centered in Saudi Arabia but capable of limited person-
to-person spread. The cause is a Betacoronavirus, which
is most closely related to several bat coronaviruses but
probably transmitted by some still unidentified interme-
diate animal host. The virus produces severe and pro-
gressive pneumonia, frequently accompanied by renal
failure. The virus appears to infect preferentially older
adults with underlying illness, although younger adults
and children have also been infected. The range of illness
varies from asymptomatic infection to pneumonia with
respiratory failure, and has been fatal in about half of all
recorded infections.

Epidemiological human and animal investigations
are required to find and identify the animal reservoir(s)
that either directly or indirectly transmits the virus occa-
sionally to humans. Researchers confirmed that the virus
was being transmitted from person to person in multiple
clusters of MERS-CoV infection. An active surveillance
for clusters of cases of severe respiratory disease must
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be a priority, especially among health care workers. Such
surveillance should include the rapid diagnosis and
stringent infection control measures for suspected or
confirmed human infections. Extensive serological test-
ing of potentially exposed human populations and con-
tacts will be a key indicator of the extent of infection and
disease due to novel coronaviruses. General supportive
care continues to be the keystone for managing patients
who have an acute respiratory failure and a septic shock
as a consequence of severe infections. It is difficult to

MERS-CoV

make predictions regarding the future of MERS-CoV,
but the following two scenarios are possible in the fu-
ture: First, the current pattern of ongoing cases could
continue, and , the virus could die out and go away simi-
lar to SARS-CoV, or second, there could be a change in
the transmission pattern leading to more outbreaks and
a pandemic. The establishment of a convalescent plasma
bank, development of an effective vaccine, and design of
randomized, placebo-controlled clinical trials to test po-
tential specific antiviral agents are all urgently needed.
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