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ABSTRACT

The goal of this researcher was to map the camel MERS-CoV structural and non-structural proteins and
track changes in antigenicity and pathogenicity from 2013 to 2018. This is critical for developing effective diagnostic
and control methods. Therefore, the sequences of MERS-CoV structural proteins such as Spike (S), Membrane (M),
Nucleocapsid (N) and Envelope (E) and nonstructural proteins, comprising polyprotein-ab (polyab) and Open reading
frame-3 (ORF3) were retrieved. The amino acid sequences of each of these proteins were analysed to estimate their
antigenic and pathogenic properties from 2013 to 2018. The antigenicity profiles showed variations in antigenicity
minimum, maximum, range, and average from 2013 to 2018. MERS-CoV proteins’ maximum antigenicity score
was declining in the examined time frame. In 2013, the maximum score was 0.86, and by 2018, it had dropped to
0.6. This resulted in a greater range of antigenicity with the onset of MERS-CoV in 2013, with a range of 0.56, which
eventually decreased to 0.22 in 2018. The net effect on the mean value of antigenicity score revealed that MERS-
CoV antigenicity decreased gradually. Between 2013 and 2018, the mean antigenicity score of structural and non-
structural proteins decreased. Non-structural proteins, on the other hand, had the greatest alterations, with a mean
value of 0.52 in 2013 and 0.42 in 2018, representing a loss of 19.2 per cent of their antigenicity score. In contrast, the
structural protein showed a mean value of 0.55 in 2013 and 0.53 in 2018, i.e. lost only 3.6% of its antigenicity score.
Given that ORF3 was nonantigenic, therefore, all changes in antigenicity changes were attributed to polyab protein.
Pathogenicity score has decreased from 0.81 in 2013 to 0.78 in 2018. Further studies are required to map these changes

on the virus-host cell interaction level.

Key words: Antigenicity, camels, MERS-CoV, pathogenicity, proteins

MERS-CoV was first identified in Saudi Arabia
in 2012 in a patient with severe pneumonia (Zaki ef
al, 2012). Initially the virus was termed as “human
coronavirus Erasmus Medical Centre (EMC) or
EMC-CoV”. This novel coronavirus later was termed
as Middle East respiratory syndrome coronavirus
(MERS-CoV) according to the announcement of
the Coronavirus Study Group of the International
Committee on Taxonomy of Viruses (ICTV) (de Groot
et al, 2013). The MERS-genome CoV is 30 kb (30,119nt)
long and encodes four structural proteins (Spike,
Envelope, Membrane, and Nucleocapsid) as well as
16 nonstructural proteins (van Boheemen et al, 2012).

MERS-CoV infection has a 35.4 per cent fatality
rate, and new cases and deaths have continued

till the end of 2018 (WHO, 2018). According
to current research, many coronaviruses that are
phylogenetically similar to MERS-CoV, such as
BatCoV-HKU4, BatCoV-HKUS5, and other MERS-
related coronaviruses, are considered to have
originated in bats (Woo et al, 2012; van Boheemen
et al, 2012; Corman et al, 2014; Anthony et al, 2017).
The BatCoV-HKU4 has also been discovered to
be capable of activating the MERS-CoV cellular
receptor, bolstering the bat origin theory (Wang
et al, 2014). There is, however, no direct evidence
that MERS-CoV may be isolated from bats (Xu et
al, 2019). Because camel isolates are nearly identical
to human isolates and many domestic camels are
MERS-CoV seropositive, dromedary camels are
thought to be the animal reservoir for MERS-CoV (Xu
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et al, 2019). Camels in the Middle East and northern
Africa contain antibodies to MERS-CoV or a virus
that is quite similar to it, according to serological
evidence dating back to the 1980s (Alagaili et al,
2014; Corman et al, 2014; Miiller et al, 2014). These
findings are not applicable to Bactrian camels or
dromedaries from other countries, such as Australia
and Kazakhstan (Hemida et al, 2014a). While these
findings support the theory that camels can transmit
illnesses to humans, initial MERS cases may not
have had any interaction with camels. Furthermore,
because the MERS-CoV receptor, dipeptidyl peptidase
4, is highly conserved in mammals, other mammalian
hosts may be involved (van Doremalen et al, 2017).
In this study, the changes in MERS-CoV antigenicity
and pathogenicity were be evaluated from 2013 to
2018. The results were further analysed in the light
of structural and non-structural protein components,
as well as, the specific proteins used in the analysis.

Materials and Methods

Retrieval of input protein data and analytical
programs

The sequences of the input proteins of interest
(polyab, ORF3, S, M, N, and E) were retrieved from
the GenBank at NCBI.

Prediction of the antigenic properties of MERS-
CoV proteins

The amino acid sequences of proteins of
interest (polyab, ORF3, S, M, N, and E) were utilised
for antigenic property analysis, and the VaxiJen
v2.0 server (Doytchinova and Flower, 2007) with a
threshold of 0.4 was employed (http://www.ddg-
pharmfac.net/vaxijen/VaxiJen/VaxiJen.html). A
summary of antigenicity statistics for MERS-CoV
2013-2018 is presented in Table 1. The antigenicity
score for each of the proteins of interest: polyab, S,
M, N, and E was recorded. The algorithm was used
to analyse the antigenic property after inserting a
threshold value of 0.4.

Prediction of pathogenic and antigenic properties

Using the protein sequences of each chosen
MERS-CoV isolate, we used the MP3 program
(http:/ /metagenomics.iiserb.ac.in/ mp3/application.
php) with default settings to estimate pathogenicity
scores (Gupta et al, 2014). The hybrid findings
(SVM+HMM) were taken into account, and the SVM
scores were employed in the analysis. The pathogenic
score for each of the proteins of interest (polyab,
ORF3, S, M, N, and E) was recorded (Table 2). For
each isolate, the average scores of all these proteins
were also computed.

Statistical analysis

All data handling and presentation were done
by MS excel and GraphPad Prism software. The
results were presented in Mean+SD or, in some
cases, the mean + range is provided. Descriptive
statistics were used to express changes in each isolate
parameter.

Results and Discussion

MERS-CoV is an emerging infectious virus that
is exceedingly dangerous to humans and is zoonotic
in nature. Effective vaccination and diagnostic
methods for this virus are still mostly unknown. Gaps
in our understanding of these pathogens” protective
immunity and antigenicity offer obstacles to the
development of vaccines and diagnostics. Respiratory
sickness caused by the MERS-CoV virus continues to
grow for unnoticeable reasons. Since SARS-CoV-2 has
emerged, it has become clear that effective therapies
against extremely deadly human coronaviruses
developed quickly. Despite this fact, the efforts to
develop efficient vaccines and diagnostics against
MERS-CoV are still in their primary stages. There has
been a surge in R&D efforts to produce diagnostic,
preventive, and therapeutic solutions for SARS-
CoV-2, which has caused millions of affections. In
contrast, MERS-CoV with more than 1,700 acetate
cases of sickness and 600 deaths in 27 countries has
less attention in developing vaccines and diagnostics.

Table 1. Summary of antigenicity statistics for MERS-CoV 2013-2018.

Year 2013 2014 2015 2016 2017 2018
Antigenicity scores 0.5271 0.503 = 0.4891 = 0.4911 £ 0.4941 £ 0.4911 =
(Mean * SD) 0.1305 0.1091 0.09007 0.08907 0.08299 0.07723
Table 2. Summary of pathogenicity statistics for MERS-CoV 2013-2018.
Year 2013 2014 2015 2016 2017 2018
Pathogenicity scores 0.8115 0.7722 £ 0.7227 £ 0.7529 0.7775 £ 0.776 +
(Mean + SD) 0.5868 0.6045 0.6039 0.5104 0.5217 0.531
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A summary of MERS-CoV antigenicity and
its statistics during 2013-2018 is provided in Fig 1.
The number of data entries each year ranged from
12-84 with the highest hits in 2014 followed by
2015. Surprisingly, the antigenicity profiles shoed
variations in antigenicity minimum, maximum,
range, and average from 2013 to 2018. MERS-CoV
proteins” maximum antigenicity score decreased. In
2013, the maximum score was 0.86, and by 2018, it
had dropped to 0.6. (Fig 2). This resulted in a greater
range of antigenicity with the onset of MERS-CoV
in 2013, with a range of 0.56, which eventually
decreased to 0.22 in 2018. (Fig 1A, Fig 2). The
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net effect on the mean value of antigenicity score
revealed that MERS-CoV antigenicity decreased
gradually. In 2013, the antigenicity score was 0.5271
* 0.1305 which decreased to 0.4911 + 0.077 in 2018.
As the initial data showed declining antigenicity of
MERS-CoV, we further investigated the changes in
antigenicity in the protein components of MERS-
CoV (Fig 3). Both structural and non-structural
proteins showed declining mean antigenicity scores
from 2013-2018. However, the greater changes were
with NS, which showed a mean value of 0.52 in
2013 and 0.42 in 2018, i.e. lost about 19.2% of its
antigenicity score. In contrast, the structural protein
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Fig 1. MERS-CoV antigenicity scores. (A) Box and whiskers plot showing the range of antigenicity with cross-line at mean values
(B) Heat map representation of antigenicity score in the year 2013. A colour scale from red to pink (right panel) to imply the
estimated antigenicity score. (C) The same plot as in B for 2014 (D) 2015 (E) 2016 (F) 2017 (G). 2018.
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Fig 2. The mean and range for MERS-CoV 2013-2018.
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showed a mean value of 0.55 in 2013 and 0.53 in
2018, i.e. lost only 3.6% of its antigenicity score.
In this study, we used only two NS proteins in all
procedures, polyab and ORF3. Given that ORF3 was
nonantigenic, therefore, all changes in antigenicity
were attributed to polyab. The analysis of MERS-
CoV pathogenicity scores from 2013 to 2018
demonstrated a moderate decline. Pathogenicity
score has decreased from 0.8115 + 0.5868 in 2013 to
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0.776 + 0.531 in 2018. The range of pathogenicity of
viral proteins was broad in the early years of MERS-
CoV emergence, but it narrowed in subsequent
years (Fig 4). The changes in the pathogenicity
of MERS-CoV proteins were further analysed
according to the protein components, comprising S,
N, E, M and Polyab (Fig 5). Among these proteins,
polyab and E proteins showed a gradual decrease
in pathogenicity.
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Fig 3. MERS-CoV nonstructural (NS) and structural (Str) proteins antigenicity scores. (A) Column bar graph showing the NS and
Str proteins antigenicity scores during 2013 (B) 2014 (C) 2015 (D) 2016 (E) 2017 (F) 2018.
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Fig 4. MERS-CoV pathogenicity scores. Box and whiskers plot
showing the range of pathogenicity with cross-line at
mean values.
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In 2015, molecular diagnostic approaches
and their global performances for the sensitive and
specific detection of MERS-CoV RNA are well-
illustrated in the first external quality evaluation
MERS-CoV panel (Pas et al, 2015). MERS-CoV
could be detected in all laboratories, but with
varying degrees of sensitivity. The fact that 8% of
labs reported false positives for MERS-CoV in a
single assay demonstrates that there is potential
for improvement and that confirmatory targets are
important. This fact highlights the need for continued
assessment of the accuracy of detection methods. In
this work, we showed a decreasing antigenicity of
MERS-CoV proteins. The impact of these changes on
the accuracy of current diagnostics is to be elucidated.
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Fig 5. MERS-CoV proteins pathogenicity scores. (A) E protein (B) M protein (C) E protein (D) S protein (E) Polyab.
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