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ABSTRACT

In this study, we provide a comprehensive reverse diagnostic workflow, in which, the in-silico amino acid
composition was employed retrogradely to shortlist the viral spike antigenic epitopes to infer diagnostics efficiency.
This study was aimed to explore the analytical estimates of changes in epitope composition among MERS-CoV
lineages. This can be used as a predictor of the effectiveness of rapid diagnostic testing. Therefore, MERS-CoV lineage-
specific spike protein sequences were extracted, aligned and compared. In addition, the degree of sequence similarity,
as well as pairwise comparison, phylogenetic relations and antigenic epitopes analysis, have been conducted. The
current findings indicated that no differences were observed in length and range of epitopes for each virus among
all studied lineages. Most of epitopes sequences were conserved. However, few sequences showed few single amino
acid mutations. About 20% of epitopes were located at the receptor-binding domain (RBD) and 80% of these were
located in the other Spike’s domains. These mutations were related to lineage 2 and 3 and not for lineage 1, 4 and
5. The number of difference among viruses accession no (ALA49781, ALA49594, ALA49440, ALA50001, ALA49935,
ALA49847, ALA49825, ALA49561, ALA49374, ALA49803, ALA49660, ALA49352, ALA49671, ALA49341, AHX00711,
AHY22565, AJG44124, A]JG44091, ALA49429, ALA49418, ALA49902, AHY22525, AHX71946, AHE78108.1, AHI48672.1,
AHI48550) was maximum of 8. No gaps were observed in the epitopes alignment. The identity of spike protein among
the lineages ranged from 99.5 -100%. The study concluded that any of studied epitopes are suitable for production of
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rapid tests of MERS CoV in dromedary camels, particularly that produced from lineages 1, 4 and 5.
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The Middle East respiratory syndrome
coronavirus (MERS-CoV) was initially discovered in
a patient with acute respiratory distress syndrome
in the Kingdom of Saudi Arabia in October 2012
(Zaki et al, 2012). MERS-CoV is diagnosed primarily
by molecular methods, i.e. Real-time reverse
transcriptase-polymerase amplification (RT-PCR)
(Corman et al, 2012a; 2012b), reverse transcription-
loop-mediated isothermal amplification (RTLAMP)
and reverse transcription-recombinase polymerase
amplification (RT-RTPA) (Shirato et al, 2014; Abd
El Wahed et al, 2013). MERS-CoV or closely related
viruses have also been detected in seropositive camels
using a variety of serological techniques. Protein
microarrays (Reusken et al, 2013a, 2013b; Meyer et
al, 2013), a recombinant spike immunofluorescent
assay (Buchholz et al, 2013; Annan et al, 2013), an
indirect enzyme-linked immunosorbent assay (ELISA)

(Alexandersen ef al, 2014), microneutralisation, and
spike pseudoparticle neutralisation are some of the
techniques used (Perera et al, 2013). Molecular tests are
relatively expensive and considered problematic for
screening large numbers of animals in a short period
of time; therefore, a rapid, inexpensive, sensitive,
and specific test for the diagnosis of MERS-CoV in
camels is required. MERS-CoV antigen was detected
in the nasal swabs of dromedary camels using a
fast immunochromatographic technique (Song et al,
2015). The identification of MERS-CoV nucleocapsid
protein in a short time period utilising highly specific
monoclonal antibodies at room temperature is the
basis of this assay. The viral spike protein of MERS-
CoV, which has both conserved and highly mutable
or variable regions in its sequence, is the focus of most
contemporary fast diagnostic assays. The accuracy
of such testing is then jeopardised by mutations,
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particularly in the virus’s antigenic epitopes. This
study presents analytical estimates of changes in
epitope composition among MERS-CoV lineages.

Materials and Methods

Retrieval of input protein data and analytical
programs

The sequences of the input spike protein were
retrieved from the previously analysed MERS-CoV
lineages (Chu et al, 2018; Sabir et al, 2016). Table 1
provides an overview of the genomes and proteins
utilised in the study. CLC Genomics Workbench 12.0
(QIAGEN, Aarhus, Denmark) and Geneious prime
were used to process the sequences (Kearse et al,

sequence. With 10 gaps open and one gap extension
cost, a very accurate alignment was achieved using
the protein alignment wizard’s alignment parameters.
To compare the sequences, a pairwise comparison
matrix was created. The identity matrix was created
after calculating the differences, identity percentage,
gaps and mutations.

Phylogenetics

The phylogenetic tree was built using the
neighbour-joining (NJ) technique and then evaluated
for evolutionary links. Using the default settings, the
CLC genomics program was utilised. Distances were
calculated using the JTT substitution model. The

2012).

Sequence alignment and retrieval of the spike

protein

The CLC genomics program’s protein sequence
capabilities were used to handle the spike protein

neighbour-joining method was tested to 100 Bootstrap
resampling repeats. (Romesburg, 2004).

Spike’s antigenic epitopes
The potential antigenic epitopes in studied
MERS-CoV lineages were searched at EMBOSS

Table 1. The accession numbers (no.) and description of the genomes and proteins used in this study.

Lineage | Accession no. of full genome nz;.c(c;sgli;;ﬁe Description

5 Camel/Jeddah/Jd87/2015 ALA49781 | Spike protein [Middle East respiratory syndrome-related coronavirus].
5 Camel/Jeddah/N62(b)/2014 ALA49594 | Spike protein [Middle East respiratory syndrome-related coronavirus].
5 Camel/Jeddah/D38/2014 ALA49440 | Spike protein [Middle East respiratory syndrome-related coronavirus].
5 Camel/ Taif/T68/2015 ALA50001 | Spike protein [Middle East respiratory syndrome-related coronavirus].
5 Camel/Riyadh/Ry79/2015 ALA49935 | Spike protein [Middle East respiratory syndrome-related coronavirus].
5 Camel/Riyadh/Ry159/2015 ALA49847 | Spike protein [Middle East respiratory syndrome-related coronavirus].
5 Camel/Riyadh/Ry136/2015 ALA49825 | Spike protein [Middle East respiratory syndrome-related coronavirus].
3 Camel/Jeddah/D90/2014 ALA49561 | Spike protein [Middle East respiratory syndrome-related coronavirus].
3 Camel/Jeddah/401/2014 ALA49374 | Spike protein [Middle East respiratory syndrome-related coronavirus].
3 Camel/Jeddah/]Jd175/2015 ALA49803 | Spike protein [Middle East respiratory syndrome-related coronavirus].
3 Camel/Jeddah/S100/2014 ALA49660 | Spike protein [Middle East respiratory syndrome-related coronavirus].
3 Camel/Riyadh/Ry23N/2014 ALA49352 | Spike protein [Middle East respiratory syndrome-related coronavirus].
3 Camel/Jeddah/S73/2014 ALA49671 | Spike protein [Middle East respiratory syndrome-related coronavirus].
3 Camel/Jeddah/F13A /2014 ALA49341 | Spike protein [Middle East respiratory syndrome-related coronavirus].
2 KFU-HKU/13/2013 AHX00711 | Spike protein [Middle East respiratory syndrome-related coronavirus].
2 Camel/KSA/376/2013 AHY22565 | Spike protein [Middle East respiratory syndrome-related coronavirus].
2 Camel/UAE/D1209/2014 AJG44124 | S [Middle East respiratory syndrome-related coronavirus].

2 Camel/UAE/D1164.14/2014 AJG44091 | S [Middle East respiratory syndrome-related coronavirus].

4 Camel/Jeddah/D36/2014 ALA49429 | Spike protein [Middle East respiratory syndrome-related coronavirus].
4 Camel/Jeddah/D35/2014 ALA49418 | Spike protein [Middle East respiratory syndrome-related coronavirus].
4 Camel/Riyadh/Ry179/2015 ALA49902 | Spike protein [Middle East respiratory syndrome-related coronavirus].
4 Camel/KSA/505/2014 AHY22525 | Spike protein [Middle East respiratory syndrome-related coronavirus].
4 Camel/Qatar/2/2014 AHX71946 | Spike protein [Middle East respiratory syndrome-related coronavirus].
1 Camel/Jeddah-Camel-1/2013 | AHE78108.1 | S [Middle East respiratory syndrome-related coronavirus]

1 Taif/1/2013 AHI48672.1 | S protein [Middle East respiratory syndrome-related coronavirus]

1 Wadi-Ad-Dawasir_1/2013 AHI48550 | S protein [Middle East respiratory syndrome-related coronavirus]
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antigenic prediction tool (Kolaskar and Tongaonkar,
1990). The antigenic determination is based on a
semi-empirical approach based on physicochemical
properties of amino acid residues and their
frequencies of occurrence in experimentally known
segmental epitopes. The minimal length of antigenic
region was set to six. The output format was set to
EMBOSS motif.

Results

Antigenic epitopes

Antigenic epitope analysis requests were sent
to the EMBOSS antigenic prediction tool. Based
on the output epitopes, the 15 epitopes with the
highest epitope score were extracted and compared
among MERS-CoV lineages. Table 2 summarises the

Table 2. The antigenic epitopes predicted by EMBOSS antigenic detection in MERS-CoV lineages. The epitopes are in descending
order according to the predicted score. Top 15 epitopes for each virus were selected.

In RBD Conserved/
Virus # | (YES/ Sequence length| range . score
mutations no.
No)
AHE78108.1| 1| No |YIWLGFIAGLVALALCVFFILCCTGCGTN 29 |1298->1326 Conserved 1.258
AHI48550.1
AHX71946.1 2 No NYYCLRACVSVPVSVIYD 18 647->664 Conserved 1.243
AHY22525 | 3| No |SGFCGQGTHIVSFVVNAP 18 |1114->1131 Conserved 1.216
AHY?22565.1
AJGaa1241 | 4| Yes |YSPCVSIVPST 11 | 523->533 Conserved 1.210
ALA4Z§4§~1 5| No |ARDLICAQYVAGYKVLPPLM 20 | 920->939 Conserved 1.205
ALA49352.1
ALA494181 | 6] No |YGPLQTPVGCVLGLVNSSLFVEDCKLPL 39 | 704->742 Conserved 1.204
ALA49429.1 GQSLCALPDTP
ALA49440.1 [ 7] yes |NPTCLILATVPHNLT 15 | 475->489 Conserved 1.203
ALA49561.1
ALA495941 | 8| No |TTLLDLTYEMLSLQQVVKALNESYIDLK 28 |1257->1284 Conserved 1.187
el | 9| Yes [NYNLTKLLSLFSVNDFTCSQISPAAIASN 44 | 408->451 | T4241 (ALA49341.1) |1.178
AL A497SL 1 CYSSLILDYFSYPLS L411F (ALA49374.1)
ALA49803.1 [ 10/ No |SVFLLMFLLTPTESYVDVGPDSVKSACIEVDIQQT 35 4->38 Conserved 1.178
ALA49825.1
ALAdosaz 1 | 11| No |ASQLGNCVEYSLYGVSGRG 19 | 597->615 Conserved 1.176
ALA49902.1 [ 12| No |NHTLVLLPDGCGTLLRAFYCILEP 24 | 166->189 Conserved 1.173
ALA49935.1
ALA500011 | 13] No |TLNAFVAQQLVRSESAALSAQLAKD 25 |1077->1101 Conserved 1.172
14| No |SFGVTQEYIQTTIQKVTVDCKQYVCNGF 28 | 787->814 | V8101 (AJG44091.1) |1.168
V8101 (AHX00711.1)
15| No |GLYFMHVGYYPSNHIEVVSAYGLCDAA 27 | 1133->1159 | A1159S (AHY22565.1) | 1.165
AHX00711.1| 1| No |YIWLGFIAGLVALALCVFFILCCTGCGTN 29 |1298->1326 Conserved 1.258
AJGHOILL o I [NYYCLRACVSVPVSYIYD 18 | 647->664 Conserved 1.243
3| No |SGFCGQGTHIVSFVVNAP 18 [1114->1131 Conserved 1.216
4| Yes |YSPCVSIVPST 11 | 523->533 Conserved 1.210
5| No |ARDLICAQYVAGYKVLPPLM 20 | 920->939 Conserved 1.205
6| No [YGPLQTPVGCVLGLVNSSLFVEDCKLPLGQSLCAL 39 | 704->742 Conserved 1.204
PDTP
71 Yes |NPTCLILATVPHNLT 15 475->489 Conserved 1.203
8| No |TTLLDLTYEMLSLQQVVKALNESYIDLK 28 |1257->1284 Conserved 1.187
9 Yes [NYNLTKLLSLFSVNDFTCSQISPAAIASN 44 | 408->451 | T4241 (ALA49341.1) [1.178
CYSSLILDYFSYPLS L411F (ALA49374.1)
10| No |SVFLLMFLLTPTESYVDVGPDSVKSACIEVDIQQT 35 4->38 Conserved 1.178
11| No |ASQLGNCVEYSLYGVSGRG 19 | 597->615 Conserved 1.176
12| No |NHTLVLLPDGCGTLLRAFYCILEP 24 | 166->189 Conserved 1.173
13] No |TLNAFVAQQLVRSESAALSAQLAKD 25 |1077->1101 Conserved 1.172
14| No |GLYFMHVGYYPSNHIEVVSAYGLCDAA 27 | 1133->1159 | A1159S (AHY22565.1) | 1.165
15| No |HATLFGSVACEHI 13 | 670->682 Conserved 1.155
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Table 2 continued....

ALA493741 | 1| No |YIWLGFIAGLVALALCVFFILCCTGCGTN 29 |1298->1326 Conserved 1.258
2| No |NYYCLRACVSVPVSVIYD 18 647->664 Conserved 1.243
3] No [SGFCGQGTHIVSFVVNAP 18 [1114->1131 Conserved 1.216
4] Yes |YSPCVSIVPST 11 523->533 Conserved 1.210
5] No |ARDLICAQYVAGYKVLPPLM 20 920->939 Conserved 1.205
6| No |YGPLQTPVGCVLGLVNSSLFVEDCKLPLGQSLCA 39 704->742 Conserved 1.204

LPDTP

71 Yes |NPTCLILATVPHNLT 15 475->489 Conserved 1.203
No |TTLLDLTYEMLSLQQVVKALNESYIDLK 28 |1257->1284 Conserved 1.187

9| Yes |TKLLSLFSVNDFTCSQISPAAIASNCYSSLILDYFSYPLS| 40 412->451 | T4241 (ALA49341.1) |1.178
10| No |SVFLLMFLLTPTESYVDVGPDSVKSACIEVDIQQT 35 4->38 Conserved 1178
11| No |ASQLGNCVEYSLYGVSGRG 19 597->615 Conserved 1176
12| No |NHTLVLLPDGCGTLLRAFYCILEP 24 166->189 Conserved 1173
131 No |TLNAFVAQQLVRSESAALSAQLAKD 25 11077->1101 Conserved 1.172
141 No |SFGVTQEYIQTTIQKVTVDCKQYVCNGF 28 787->814 | V8101 (AJG44091.1) |1.168

V810I (AHX00711.1)
15| No |GLYFMHVGYYPSNHIEVVSAYGLCDAA 27 | 1133->1159 | A1159S (AHY22565.1) | 1.165

epitopes sequences, their respective location on either
RBD or other S protein domains, the range of amino
acid, conservation among lineages and the predicted
mutations. The epitopes were arranged in descending
order, according to their antigenic scores.

Spike alignment

The spike protein sequences of various MERS-
CoV lineages were aligned (Fig 1). The alignment
showed a mostly conserved amino acid sequence
with few mutations, which are summarised in table
3. These mutations were related to lineage 2 and 3.
However, these mutations were few and involved
only single amino acid. The current findings indicated
that there were no differences observed in length and
range of epitopes for each virus among all studied
lineages (Table 2). Most of epitopes sequences were
conserved. However, few sequences underwent little
mutation involving single amino acids (Table 2).
Except for AHX00711.1 and AJG44091.1, single amino
acid mutations were observed at epitope no. 9, 14 and
15 (Table 2). At epitope 9, these mutations were T424I1
(ALA49341.1) and L411F (ALA49374.1) (Table 2). At
epitope 14, these mutations were V8101 (AJG44091.1)
and V8101 (AHX00711.1) (Table 2). At epitope 15, this
mutation was A1159S (AHY?22565.1) (Table 2). For
AHX00711.1 and AJG44091.1, the single amino acid
mutations were at epitopes no. 9 and 14 (Table 2). At
epitope 9, these mutations were T4241 (ALA49341.1)
and L411F (ALA49374.1). At epitope 14, this mutation
was A1159S (AHY22565.1) (Table 2). Data summarised
in table 3 indicated that 20% of epitopes sequences are
located at the receptor-binding domain (RBD) and 80%
of these sequences are located away from the RBD.
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This finding suggests the reliability of using a rapid
test based on spike protein epitopes in dromedary
camels by targeting multiple domains epitopes on the
surface of MERS-CoV spike.

Table 3. List of observed mutations in virus spike in the studied

lineages.
Present in all Accession
Mutation lineages lineage number of
(Yes/No) mutants
T4241 No 3 ALA49341.1
L411F Yes 3 ALA49374.1
V8101 Yes 2 AJG44091.1
V8101 Yes 2 AHX00711.1
A1159S Yes 2 AHY22565.1

Pairwise comparison matrix

Pairwise comparison matrix revealed the absence
of gaps in the alignment that indicates the lack of
amino acid insertions or deletions in the spike protein
among the lineages (Fig 2). In addition, the number
of differences among viruses was a maximum of 8.
The highest difference was 8 and it was among virus
no 25 when matched with virus no 23 and 22 (Fig 2).
Fortunately, most of these mutations are not involved
in the antigenic epitopes. Pairwise comparison matrix
revealed a higher identity of the spike protein among
the lineages which ranged from 99.5 -100% (Fig 3).

Phylogenetic analysis

The spike protein of MERS-CoV was clustered
in 3 main lineages (Fig 4). This indicates that the virus
diversity is less common in virus spike, compared
with the full genome.

Journal of Camel Practice and Research
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Fig 1. Sequence alignment of spike protein from different MERS-CoV lineages.
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Fig 4. Cladogram of spike protein from different MERS-CoV lineages.

Discussion
MERS-CoVs have been sequenced and classified
in both humans and camels since the first human
MERS-CoV was discovered (Cotten ef al, 2014;
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Lau et al, 2016; Sabir et al, 2016). Sabir et al (2016)
sequenced and analysed typical MERS-CoV genomes
from Saudi Arabia, including 67 from camels and
discovered different clade B MERS-CoV lineages. Co-
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infections with MERS-CoV and other coronaviruses
were prevalent, as were additional non-MERS-CoVs.
Another study sequenced 10 different camel MERS-
CoVs from Abu Dhabi and discovered viruses in
many clade B lineages, including a 6" lineage and a
camel MERS-CoV within clade A. The clade A MERS-
CoVs are assumed to be older and not circulating
today, therefore, this study provides valuable insight
into camel MERS-CoV variety in nature (Lau et al,
2016). Additional efforts to sequence MERS-CoV from
camels have focused on nucleocapsid and spike genes
as possible locations for finding genetic diversity (van
Doremalen et al, 2017). Several human coronaviruses
are known to have originated from zoonotic sources
(Millet et al, 2016; Mubhairi et al, 2016). At a live animal
market in the Emirate of Abu Dhabi’s eastern region,
376 camels were checked for MERS-Cov (Yusof et al,
2017). From 139 samples, 126 whole genomes and 3
nearly complete genomes were recovered. Five of the
remaining 10 samples yielded spike gene sequences.
Within clade B, the genomes of camel MERS-CoV
represented 3 recognised and 2 potentially novel
lineages. Camel and human MERS-CoV sequences
are jumbled together within lineages. In the camel
samples, the researchers discovered 10 recombination
events. The junctions between ORF1b and S were the
most common recombination breakpoints. MERS-
CoV infection in humans may have resulted from
the continual transfer of various MERS-CoV lineages
from camels, according to evidence. The camel MERS-
CoV genomes sequenced in this investigation support
this idea (Yusof et al, 2017).

The current findings indicated that there were
no differences observed in length and range of
epitopes for each virus among all studied lineages.
Most of epitopes sequences were conserved.
However, few sequences underwent little mutation
involving single amino acids. The top 15 epitopes
in dromedary camels have a conserved sequence,
indicating that a quick test based on spike protein
epitopes is reliable. According to the present data,
20% of epitope sequences are found near the RBD,
whereas the remaining 80% are found distant from
the RBD. In dromedary camels, this research proved
the reliability of the previously mentioned rapid
test based on spike protein epitopes. In the current
study, the alignment of spike protein sequences
from several MERS-CoV lineages indicated a small
number of alterations. Lineages 2 and 3 were affected
by these changes. Using rapid testing for MERS-CoV
detection based on epitopes from lineages 1, 4, and 5
seems to be effective, based on the current findings.
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Furthermore, given the changes in lineages 2 and 3
were rare and involved just a single amino acid, these
quick tests may be successful when employing any
epitope from these lineages.

The current findings revealed the absence of
gaps in the alignment that indicates the lack of amino
acid insertions or deletions in the spike protein
among the lineages. This finding confirmed the
effectiveness of any of studied epitopes for rapid
test designing in dromedary camels. The current
finding indicated that, the number of difference
among viruses accession number was a maximum
of 8, most of them were not involved in the antigenic
epitopes. This finding confirmed the suitability of
any of the studied epitopes for production of rapid
tests of MERS CoV in dromedary camels. The current
findings indicated a higher identity of the spike
protein among the lineages which ranged from 99.5
-100%. This finding provides new evidence of the
effectiveness of any of the studied epitopes for the
production of rapid tests of MERS CoV in dromedary
camels as illustrated above.

Because identifying antigens and epitopes using
an experimental method may be difficult, expensive,
and time-consuming, using an in-silico strategy to
uncover novel epitopes has become the preferred
alternative. This approach is recognised as one of
the most effective in identifying antigens because
it screens the whole microbial proteome using a
variety of prediction algorithms. In conclusion, our
comprehensive technique encompasses antigenic
epitope screening both horizontally (through the
whole coding areas of the Spike) and vertically
(across various MERS-CoV lineages). Mutations in
the targeted epitopes might have an influence on
the diagnostics” population coverage and efficiency.
After examining current MERS-CoV mutants
across lineages, we evaluated for immunogenicity
conservation in the chosen epitopes to provide more
diagnostic options. The efficiency of diagnostics
based on the provided configurations is expected
to be high due to the observed low mutagenicity
rate of MERS-CoV. Combining the present findings
with experimental confirmation is a pre requisite for
successful diagnostics.
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