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MERS: emergence of a novel human coronavirus
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A novel coronavirus (CoV) that causes a severe lower
respiratory tract infection in humans, emerged in the Middle
East region in 2012. This virus, named Middle East respiratory
syndrome (MERS)-CoV, is phylogenetically related to bat
CoVs, but other animal species like dromedary camels may
potentially act as intermediate hosts by spreading the virus to
humans. Although human to human transmission has been
demonstrated, analysis of human MERS clusters indicated that
chains of transmission were not self-sustaining, especially
when infection control was implemented. Thus, timely
identification of new MERS cases followed by their quarantine,
combined with measures to limit spread of the virus from the
(intermediate) host to humans, may be crucial in controlling
the outbreak of this emerging CoV.
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Introduction

Human coronaviruses (CoVs) such as NL63, 229E, OC43,
and HKUT are distributed worldwide and cause a signifi-
cant percentage of all colds. Most of these viruses
emerged through zoonotic transmission from bats. T'en
years ago, a more pathogenic CoV named severe acute
respiratory syndrome (SARS)-CoV, crossed the species
barrier [1,2]. SARS-CoV originated from horseshoe bats,
but palm civets acted as intermediate host allowing
animal-to-human transmission [3,4]. Current knowledge
indicates that human CoVs emerged from animal ances-
tors and that various animal CoVs also crossed the species
barrier [5-12]. The high frequency of genetic recombina-
tion and mutation make CoVs well capable of adapting to
new hosts [13-18]. More recently a novel human coro-
navirus emerged, the Middle East respiratory syndrome
(MERS)-CoV.

Human lower respiratory tract infection with
unknown cause in the Middle East region
Although a cluster of 11 patients including 10 health care
workers with severe lower respiratory tract infection with
unknown aetiology was reported in an intensive care unit
in Zarga, Jordan in March/April 2012 [19], no causative
agent could be identified at that time. Only half a year
later, this outbreak was linked to a patient in Jeddah,
Saudi Arabia; a 60-year-old man who died as a con-
sequence of acute respiratory infection and renal failure
[20°°]. A49-year old Qatari who was treated in the United
Kingdom represented another case identified around the
same time [21]. As of 27 December 2013, the World
Health Organization announced a total of 170 confirmed
cases of human infection, including 72 fatalities [22]. All
cases were linked directly or indirectly to the Middle
Eastregion including Saudi Arabia, Jordan, Qatar, Oman,
Kuwait and the United Arab Emirates [23°°,24]. The
largest number of MERS-CoV cases has been reported
from Saudi Arabia. Patients diagnosed in the United
Kingdom, France, Germany, Italy, Spain, and Tunisia,
were also linked to the Middle East [22]. In addition to
severe lower respiratory tract infection, gastrointestinal
symptoms including diarrhoea, vomiting, and abdominal
pain are also infrequently observed. Approximately
75 percent of patients was reported to have at least
one underlying medical condition.

Identification and characterization of MERS-
CoV

Clinical samples collected from the patient in Jeddah
that were used to inoculate monkey kidney cells, were
instrumental in the initial identification and character-
ization of MERS-CoV. Using a pan-CoV reverse tran-
scription-PCR (RT-PCR), a short fragment from a highly
conserved region of the RNA-dependent RNA polymer-
ase (RdRp) gene was amplified and the identity of this
novel human coronavirus was thus revealed [20°°]. Initial
phylogenetic analysis of the sequence fragment along
with those of known coronaviruses showed that MERS-
CoV clustered together with bat CoVs HKU4 and HKUS5
that belong to subgroup 2c of the linage Betacoronavirus
[20°°,25]. It is the first lineage 2¢ virus to infect humans.
The virus, tentatively named HCoV-EMC/2012 (Gen-
Bank accession number: JX869059) [25], was renamed
Middle East respiratory syndrome (MERS)-CoV upon
consultation with the coronavirus study group of the
International Committee on the Taxonomy of Viruses
[26].
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The MERS-CoV genome is 30119 nucleotides (nt) in
length and contains 10 predicted open reading frames
(ORFs). The single-stranded, positive sense polyadeny-
lated RNA genome has 5’ and 3’ untranslated regions
(UTR) of 278 and 300 nt in length, respectively [25]. The
5" end of the genome is translated to yield a large poly-
protein that is cotranslationally cleaved iz ¢is by two viral
proteases into 16 functional nonstructural proteins that
cooperatively form the complex machinery for viral RNA
synthesis and RNA recombination. The region down-
stream of ORF1b is characterized by containing a variable
number of structural proteins, including the spike, envel-
ope, membrane, and nucleocapsid protein. MERS-CoV
accessory proteins (ORF3, ORF4a, ORF4b, ORF5 and
ORF8b) share no homology with any known host or virus
protein, other than those of the closely related HKU4 and
HKUS5 strains of bat CoV.

Zoonotic transmission of MERS-CoV

Because most human CoVs originally emerged upon
transmission from bats to other animal species and given
the phylogenetic relation of MERS-CoV with bat CoVs
like HKU4 and HKUS5, MERS-CoV most likely origi-
nated from bats. Partial genome sequences from viruses
closely related to MERS-CoV have been detected in
bats from Africa and Europe [27,28°]. Insectivore bats
like Pipistrellus Pipistrellus are most likely a major reser-
voir of these group 2c bat CoVs. The identification of a
relative small and conserved RdRp fragment from an
Egyptian cave bat shown to be identical to the human
MERS-CoV EMC isolate [29°], however, needs further
investigation.

Evidence that bats may have served as the original
MERS-CoV host species also comes from studies on
the receptor usage by MERS-CoV. Dipeptidyl peptidase
4 (DPP4; also known as CD26) — expressed in the lower
respiratory tract of humans — acts as a functional receptor
for MERS-CoV [30°]. Importantly, MERS-CoV can also
use the evolutionarily conserved DPP4 protein of Pipis-
trellus Pipistrellus bats to infect cells [30°]. It remains
unclear whether MERS-CoV-like viruses in bats are able
to use the DPP4 receptor, although recent investigations
revealed that bat DPP4 genes have been subject to
significant adaptive evolution, suggesting that the evol-
utionary lineage leading to MERS-CoV may have circu-
lated in bats for a substantial time period [31]. Three
positively selected residues in DPP4 were identified that
directly interact with the viral spike protein. Interest-
ingly, recent investigations on the origin of SARS-CoV
revealed that closely related SARS-CoV-like viruses in
horseshoe bats are able to infect human cells by using the
human ACEZ2 receptor [32]. Therefore, direct trans-
mission of bat CoVs to humans, or indirect transmission
without requirement of virus adaptation in an intermedi-
ate host, is now considered a likely scenario to explain the
emergence of novel human CoVs.
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Schematic diagram of the potential zoonotic transmission of MERS-
CoV.

Considering that direct contact of humans with bats or
their secreta may be rare, intermediate hosts that are
susceptible to MERS-CoV may be involved in transmit-
ting this virus to humans. In case of SARS-CoV, civet cats
are thought to have been responsible for the transmission
of this virus to humans, although other animal species
present at the wet markets in southern China such as
ferret badgers were also found to carry a SARS-CoV like
virus. As a consequence, upon detection of MERS-CoV
emergence, different animal species commonly found in
the Middle East, such as camels and goats, are considered
as potential intermediate hosts in the MERS-CoV out-
break (Figure 1). Characterization of crucial amino acid
residues in DPP4 that are involved in binding the MERS-
CoV spike protein revealed that these animal species are
more likely able to use DPP4 as a functional receptor for
MERS-CoV entry as compared to other animal species
such as mice, cats, dogs, hamsters, and ferrets [33]. Cell
lines originating from goats and camels were shown to be
permissive to efficient replication of MERS-CoV [34].

Further evidence for the involvement of a specific animal
species as an (intermediate) host comes from studies
analyzing the host antibody response to MERS-CoV or
closely related viruses. Initially, serological studies using
samples from different animal species in Oman, Egypt,
and the Canary Islands indeed provided clues for the
presence of MERS-CoV neutralizing antibodies in dro-
medary camels [35,36]. Subsequently, studies in camels
in other affected regions, in Jordan and Saudi Arabia,
confirmed these findings. Whereas a very high percentage
of dromedary camels turned out to have circulating
MERS-CoV neutralizing antibodies, other animal species
such as sheep, goats, and cows were found negative for
virus neutralizing antibodies [37,38]. These observations
have now been supported by more recent studies showing
that dromedary camels from a farm in Qatar proved to be
positive for MERS-CoV and virus neutralizing antibodies
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[39°°]. In addition, the viral sequences obtained from
these dromedary camels were almost identical to
sequences from two human MERS-CoV cases linked
to this farm. Therefore, dromedary camels most likely
acquired the virus some time ago from bats and the virus
has subsequently spread efficiently between animals in
the Middle East region. Dromedary camels are used for
racing and beauty contests and are kept in large groups at
these festivities, likely promoting subsequent circulation
of this virus. Although MERS-CoV infection in humans is
mainly observed in the lower respiratory tract, in camels
nose swabs were found virus positive. Conclusive evi-
dence for the route of transmission from animals to
humans, however, is still lacking. In addition, it is not
clear whether the virus is introduced multiple times
through zoonotic transmission or that human to human
transmission is the main driver of the spread of the virus.

Human to human transmission

Human to human transmission of MERS-CoV has been
reported in several clusters of cases in France, the
United Kingdom, Italy, Jordan, Tunisia, Saudi Arabia,
the United Arab Emirates, and Qatar, including among
family members and health care workers [23°°,40°,41—
45,46°42,47,48]. These include a cluster of cases in
Saudi Arabia involving 3 family members living within
the same house [43] and a family cluster of 3 brothers in
Riyadh [46°]. A large cluster of 23 confirmed and 2
probable cases has been reported in a hospital in Al-
Hasa, Saudi Arabia [23°°]. The majority of patients
experienced severe respiratory diseases and some had
acute renal failure, whereas most common symptoms
were fever, fever with chills or rigours, cough, shortness
of breath, and myalgia. The patterns of spread of
MERS-CoV among family or hospital clusters suggest
that transmission occurs through droplets or contacts.
Differences in receptor expression in the upper and
lower respiratory tract of humans could potentially
explain limited human to human transmission. Trans-
mission appears to occur more readily if the recipient is
immunocompromised or has comorbidities, such as dia-
betes. Since most identified patients had underlying
diseases, it is possible that MERS-CoV is a more com-
mon infection, at least in Saudi Arabia, and that patients
without significant comorbidities develop a mild respir-
atory disease or remain asymptomatic. However, spread
of MERS-CoV is considered to be relatively inefficient,
as two studies indicated that this viral infection does not
seem to occur frequently in the normal human popu-
lation in the Middle East region. Among 130 blood
donors sampled in Jeddah in 2012 and 226 abattoir
workers sampled in Jeddah and Makkah in October
2012, only 8 reactive sera were seen upon immuno-
fluoresence testing that were all found to be specific
for established human CoVs, but not for MERS-CoV
[49]. In addition, Gierer ez a/. did not detect MERS-CoV
neutralizing antibodies in any of the 268 samples tested

that were obtained from persons from the Eastern
province of Saudi Arabia [50]. Using independent data
sources, different investigators demonstrated that R, the
basic reproduction number representing the number of
secondary cases per index case in a fully susceptible
population, cannot be much above 1, with an upper
bound of 1.2-1.5 [42,51°]. In the absence of a clear
picture of how the virus spreads, intervention strategies
may be ineffective. In the case of predominant human to
human transmission and absence of approved medi-
cation such as vaccines and antivirals, timely identifi-
cation of new MERS cases followed by their isolation
and quarantine may be crucial in controlling the out-
break of this emerging CoV. These measures may need
to be combined with actions to limit spread and emer-
gence of MERS-CoV from the (intermediate) host.

Conclusions

Until now, 170 confirmed MERS cases have been
reported. The clinical symptoms caused by MERS-
CoV infection mainly relate to the acute respiratory
disease that is induced by the virus. By contrast to the
SARS epidemic that rapidly was controlled, MERS-CoV
still spreads more than 1.5 year after it was first detected.
Therefore there is an urgent need to clarify whether the
virus is introduced multiple times through zoonotic trans-
mission or that human to human transmission is the main
driver of the spread of the virus. A further understanding
of the emergence and spread of this novel human CoV
may halt its emergence and establishment in the human
population.
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