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Spike Gene Deletion Quasispecies in Serum of
Patient With Acute MERS-CoV Infection
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The spike glycoprotein of the Middle East
respiratory coronavirus (MERS-CoV) facilitates
receptor binding and cell entry. During investi-
gation of a multi-facility outbreak of MERS-CoV
in Taif, Saudi Arabia, we identified a mixed
population of wild-type and variant sequences
with a large 530 nucleotide deletion in the
spike gene from the serum of one patient. The
out of frame deletion predicted loss of most of
the S2 subunit of the spike protein leaving the
S1 subunit with an intact receptor binding
domain. This finding documents human infec-
tion with a novel genetic variant of MERS-CoV
present as a quasispecies. J. Med. Virol.
89:542–545, 2017.
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INTRODUCTION

Since first being recognized in 2012, Middle East
respiratory syndrome coronavirus (MERS-CoV) cases
have continued to be reported from Saudi Arabia and
neighboring countries. Although considerable progress
has been made in our understanding of the epidemiol-
ogy and clinical features of MERS-CoV infection, less
is known about this virus’s capacity for genetic varia-
tion. Beginning in September 2014, an outbreak of
MERS-CoV was reported from multiple healthcare
facilities located in Taif, in the Makkah Region of
Saudi Arabia. An investigation of this outbreak by the
Saudi Ministry of Health and U.S. Centers for Disease
Control and Prevention (CDC) was recently reported
[Assiri et al., 2016a]. Among 38 laboratory-confirmed
MERS-CoV cases, serum samples from 17 were sent to
CDC for serologic and molecular evaluation. Spike
gene sequences were obtained from 10 patients, includ-
ing two patients with identical sequences with over-
lapping stays at a private hospital (hospital D). The
first patient (#27) was a 75-year-old woman who was
evaluated for severe acute respiratory symptoms at

another hospital and transferred to the intensive care
unit of hospital D on November 1 where she was
confirmed positive for MERS-CoV. On November 11,
an 81-year-old inpatient (#30) staying on the same
floor as patient #27, developed respiratory symptoms
and also tested positive for MERS-CoV. Both patients
subsequently died. Further analysis of the serum
sample from Patient #27 identified a second sequence
with a large deletion in the spike gene. In this report,
we describe this variant and speculate on its possible
origins and implications for predicted spike protein
function.

MATERIALS AND METHODS

Serum specimens from Taif patients were screened
for MERS-CoV by real-time RT-PCR and positive
samples were further subjected to RT-PCR and
Sanger sequencing of the spike gene as previously
reported [Assiri et al., 2016a]. To confirm our finding
of a deleted spike gene sequence amplified by primer
set SF6/SR6 [Assiri et al., 2016b] from patient #27,
sample extracts were reamplified using a different
primer set SF6/SSR6 [Assiri et al., 2016b] using
SuperScript III One-Step RT-PCR System with Plati-
num Taq DNA Polymerase (Thermo Fisher Scientific,
Carlsbad, CA). The amplicons were sequenced on
both Sanger (3130xl Genetic Analyzer, Fischer Scien-
tific) and next generation (PacBio RS II, Pacific
Biosciences, San Francisco, CA) platforms.
Sequencher 4.8 software (Gene Codes, Ann Arbor,
MI) was used for Sanger sequence assembly and
editing. PacBio data analysis was performed using
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CLC Genomics Workbench v6 (Waltham, MA). Wild-
type and deleted genome sequences of the quasispe-
cies were prepared from the serum of patient #27
using 20 overlapping primer sets [Assiri et al.,
2016b] and deposited in GenBank (KU710264;
KU710265).

RESULTS

As previously reported [Assiri et al., 2016a], real-
time RT-PCR testing of serum specimens from a
MERS-CoV outbreak in Taif identified two epidemio-
logically linked case-patients (#27 and #30) with identi-
cal spike gene sequences. On further analysis,
amplicons generated from patient #27 revealed a
second smaller amplicon that was not present in the
samples from patient #30 or other case-patients
(Fig. 1). Repeated RT-PCR confirmed presence of the
smaller product and Sanger sequencing identified a

530 nucleotide deletion which mapped to the region
encoding subunit two of the spike protein gene (re-
ferred to from here forward as S530D). To confirm that
this finding was not an artifact of our sequencing
method, new amplicons generated from the serum
sample were subjected to deep sequencing. Approxi-
mately, 22,000 reads were obtained providing a mini-
mum coverage of a few hundred bases throughout,
reaching a maximum of over 11,000� coverage at non-
deletion loci. A large population of reads with a relative
coverage gap of 530 bases was obtained confirming the
size and position of the predicted deletion. S530D was
abundant in the cell-free serum sample, with an
approximate ratio of 4-to-1 deleted to intact sequence
reads. No other sequence variants were detected.
MERS-CoV genome sequences were subsequently ob-
tained from patient #27; genome sequencing was not
attempted on the sample from patient #30 due to
limited sample volume and low virus load.

Fig. 1. Schematic representation of MERS-CoV spike gene
coding region and predicted protein(s): SP, signal peptide; NTD,
N-terminal domain; RBD, receptor-binding domain; FP, fusion
peptide; IFP, internal fusion peptide; HR1, heptad repeat 1;
HR2, heptad repeat 2; TM, transmembrane domain; CP,
cytoplasmic domain (modified from Gao et al. [2013]). Panel A.
MERS-CoV spike gene amplicons generated by primer pair SF6/

SR6 from serum of select Taif outbreak case-patients (1). Lane
designations: M, molecular weight marker; #, case-patient
identification numbers; �, negative template control; þ, positive
template control. Panel B. Wild-type and variant spike gene
with 530 nucleotide frame-shift deletion mutation obtained from
patient #27. Panel C. Wild-type and truncated precursor
proteins predicted for these genes. Stop codon (�).
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The wild-type MERS-CoV spike precursor protein is
comprised of 1353 residues that are organized into two
subunits: an amino-terminal subunit (S1, aa 1-751)
that contains the receptor binding domain (RBD), and
a carboxy-terminal subunit (S2, aa 752-1353) that
contains the putative fusion peptide, two heptad repeat
domains and the transmembrane and intracellular
domains (Fig. 1). Determinants of cellular tropism and
interaction with the target cell receptor reside within
the S1 domain, while mediators of membrane fusion
are located within the S2 domain [Gao et al., 2013]. In
the endoplasmic reticulum (ER)-Golgi compartments of
the infected cell, the precursor spike protein is first
cleaved by a host protease such as furin at position
751R/752S into the S1 and S2 subunits that remain
non-covalently linked [Gierer et al., 2013; Millet and
Whittaker, 2014]. Trimers of these proteins form with
the S2 subunit embedded in the ER membrane and the
S1 projecting outward. After release from the cell, the
mature virus particle binds by the S1 RBD to
the dipeptidyl peptidase-4 (DPP4) receptor on the
surface of a new cell [Raj et al., 2013]. A proteolytic
cleavage at a second site in S2 located at position
R887/S888 upstream from the putative fusion peptide
then occurs that facilitates membrane fusion and virus
entry into the host cell [Gao et al., 2013; Millet and
Whittaker, 2014].
The deleted gene would predict an 801 amino acid

truncated protein prematurely terminating at an out-
of-frame stop codon (Fig. 1). This protein would contain
the entire N-terminal S1 subunit, including the virus
RBD, 20 in-frame residues immediately C-terminal to
the R751/S752 protease cleavage site and 30 out-
of-frame non-spike residues. All key components of the
membrane fusion architecture of the S2 subunit
located anterior to the premature stop codon, including
the proposed fusion peptide (aa 949-970) [Ou et al.,
2016], would be predicted to be lost. The 30 non-spike
residues (HIFAWQHSRCWLDCWLILLCCYSIC-
TEYFL) at the C-terminus of the truncated protein
include 14 hydrophobic residues (Ala, Phe, Gly, Ile,
Leu, Met, Val, or Trp) and five cysteines.

DISCUSSION

RNA viruses are prone to rapid expansion of
genomic variants or quasispecies that may aid virus
escape from immunesurveillance and expand tissue
tropism and host range [Duarte et al., 1994]. Well
documented among coronaviruses generally, MERS-
CoV quasispecies have been identified in naturally
[Briese et al., 2014] and experimentally [Borucki
et al., 2016] infected dromedary camels and SARS-
CoV in humans [Tang et al., 2006], but no similar
instances have been reported for human MERS-CoV
infections. Moreover, although naturally occurring
deletion mutations of varying size and location have
been previously identified among human coronavi-
ruses, including SARS-CoV [Chiu et al., 2005],
HCoV-OC43 [Vijgen et al., 2005], and MERS-CoV

[Lamers et al., 2016], most have been restricted to
the nucleocapsid or non-structural accessory protein
genes located near the 30-end of the viral genome.
With the exception of a single codon deletion (residue
1293) in the spike transmembrane domain that was
reported for a MERS-CoV derived from a dromedary
camel [Chu et al., 2014], no naturally occurring
deletions in the spike gene have been previously
reported from human derived virus.
Modification of the coronavirus spike protein

through natural and experimentally induced muta-
tions has been shown to change cell and organ
tropism leading in some cases to changes in virus
pathogenicity and host range [Rasschaert et al., 1990;
Wesley et al., 1991; Vijgen et al., 2005; Brand~ao
et al., 2006; Terada et al., 2012]. Although most spike
gene deletion mutations have been found in the S1
region, some studies have also documented mutations
in the S2 region with similar effects. For example,
specific mutations introduced into the S2 region of
feline coronavirus have been shown to change virus
tropism from the gut epithelium to macrophages with
associated changes in pathogenicity from a mild
enteric infection to fatal immune-mediated disease,
respectively [Rottier et al., 2005].
The spike gene deletion described here would most

likely to render the virus defective, either non-infectious
or with substantially reduced infectivity. Loss of the S2
subunit would likely disrupt membrane anchoring of
the spike protein and prevent fusion of the virus and
host cell. Propagation of defective viruses requires a
helper virus to compensate for lost function. In the case
of S530D, it is interesting to speculate how this
mutation might conversely help sustain wild-type
MERS-CoV infection. One hypothetical outcome of loss
of the S2 transmembrane domain would be to yield a
free S1 subunit with a “sticky” hydrophobic tail that
might lead to aggregated/misfolded protein due to the
additional disulfide bounds that might form. Assuming
that S530D still forms stable trimer complexes that
retain biding affinity for DPP4, this form of the spike
protein might act as a “decoy,” blocking spike-specific
MERS-CoV neutralizing antibodies. A similar concept
has been hypothesized as an immune escape strategy
used by Ebola virus, termed “antigenic subversion”
[Mohan et al., 2012]. It has been shown that infection of
susceptible cells with MERS-CoV can be inhibited with
a soluble form of the DPP4 receptor [Raj et al., 2013].
Conversely, free spike protein fragments could theoreti-
cally bind and block anti-RBD neutralizing antibodies.
Arguing against this hypothesis is that anti-MERS-CoV
antibodies were not detected (titer <400) in this patient
by a sensitive enzyme immunoassay [Assiri et al.,
2016a] and the paucity of other reports of MERS-CoV
spike gene deletions suggest that this event is rare and
not of deliberate design.
This study had several limitations. Different speci-

men types from different time-points were not avail-
able from this patient or other patients in the predicted
transmission chain preventing determination S530D
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persistence in the patient or capacity for transmission.
Limited available serum also prevented culture at-
tempts, which would have allowed assessment of virus
viability and direct assessment of protein form and
function. Nevertheless, our finding provides new in-
sights into the capacity of MERS-CoV for genetic
variation that may have unforeseen public health
implications.
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