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Abstract

The first case of COVD-19 in Mexico was reported in February 2020. Since then, different methods have been used in the
world, including Mexico to detect SARS CoV-2. However, a significant number of asymptomatic cases, diagnostic tests with
false positive results and different circulating variants, each with distinct patterns, have been observed, affecting different
ethnicities. Considering the unique characteristics of each ethnicity, we propose in this study the design of peptides by in
silico analysis of the viral proteins S, N, E, M and NSP12 of SARS CoV-2 in the context of the major histocompatibility
complex class I and class II specific to the Mexican population. A bioinformatic analysis by the platforms: Immune Epitopes
Data Base (IEDB) and Vaxygen was made to determine the peptides. Furthermore, GISAD platform was used to obtain the
viral sequences of the most frequent variants of SARS CoV-2 circulating in our country during February 2020 to March
2021. A total of 7034 peptide sequences of SARS CoV?2 viral proteins were analyzed. We identified 17 peptides from protein
S (D614G), 3 peptides from protein E, 6 peptides from protein M, 1 peptide from protein N (R203K and G204R), and 13
peptides from NSP12 (P323L). All selected peptides demonstrated adequate immunogenicity and the ability to interact with
the most frequent MHC alleles in our population, achieving a population coverage of 97.78% hence, they were potential
biomarkers for diagnostic tests to SARS CoV-2 in our population.
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Introduction

The first case of COVID-19 was reported in Wuhan, China, at
the end of 2019 and the etiological agent was identified as a new
respiratory virus classified as SARS CoV-2, classified as a member
of the Coronoaviridae family [1,2]. This new viral respiratory
infection spread rapidly to China and the rest of the world during the
first trimester of 2020 [1-3]. Since the beginning of the pandemic
until now, the effective transmission and dispersion of the virus
have led to the emergence of viral variants; some of which are
more transmissible, virulent or can potentially evade immunity
induced by previous infections [4]. The emergence of variants with
mutations that could be different and/or accumulative has played
a relevant role in the course of the disease, resulting in millions of
cases with different symptoms, from severe pneumonia that has led
to hundreds of thousands of deaths worldwide, to asymptomatic
cases [2,5].

Global health authorities have mainly focused on the viral variants
which showed changes at the spike protein domains, these
mutations could modify the binding to the ACE2 receptor. Changes
in both binding and fusion domains can modify the clinical impact
of the virus, its ability to colonize the respiratory tract and its
transmissibility [6]. In order to categorize the different variants of
SARS CoV-2, the WHO (https://data.who.int/dashboards/covid19/
variants), established three categories according to risk analysis: 1)
variants of interest (VOI), ii) variants of public health importance
or variants of concern (VOC), and iii) variants of consequences.
The pattern of circulation of the viral variants was an enormous
task to get an efficient diagnostic to avoid false negatives results
or undetected asymptomatic cases. The identification and
characterization of the different variants was done by molecular
biology tools and were sequenced by bioinformatics programs
[7,8].

However, the need for rapid diagnosis has led to the development
of rapid tests for the detection of SARS CoV-2 based on antibody
detection. Nevertheless, it is important to consider the relevance
of the CD4+ T cell response [9]. In humans, the RBD (receptor
binding domain) is also highly immunogenic for T cells,
comprising a cluster of peptides recognized by 94% of individuals
[9-11]; and either the T cells could generate responses to peptides
from other viral structural and non-structural proteins, although
the structural proteins S, membrane (M) and nucleoprotein (N) are
the most prominent targets of SARS-CoV-2-specific CD4+ T cells
(9,10). Furthermore, serum levels of PD-L1 have a prognostic role
in COVID-19 patients and associated to COVID-19 pathogenesis
[12], Also, PD-L1 is responsible for T cell activation, proliferation,
and cytotoxic secretion [13]. PD-1’s expression on the surface of

monocytes and its activation by binding the PD-L1 ligand, and
lead to inhibiting the activity of CD4+ T-cells by inducing the
secretion of IL-10 [14], as the latter is a key regulator of immune
homeostasis [15].

According to the previously described, we aimed to design in silico
peptides for use in diagnostic tests with the objective to detect
symptomatic as well as asymptomatic cases. For this purpose,
we suggest a cluster of viral peptides presented in the context of
MHC to be used as biomarkers of SARS CoV-2 infection. In our
country, the first case of COVID-19 was reported on February
28", Considering the most frequently reported variants in Mexico
and the prevalent MHC alleles in the Mexican population, we
analyzed 7034 peptide sequences of SARS CoV2 viral proteins.
Predictions were made using IEDB resources (Proteasomal
cleavage/TAP transport/MHC class I combined predictor and T
cell class | MHC immunogenicity predictor) for different peptides.
The immunogenicity of each peptide was calculated (Vaxijen v2.0
online) and population coverage was calculated for the Mexican
population (Population Coverage). We identified 17 peptides from
protein S (D614G), 3 peptides from protein E, 6 peptides from
protein M, 1 peptide from protein N (R203K and G204R), and 13
peptides from NSP12 (P323L). They all demonstrated adequate
immunogenicity, as well as the ability to interact with the most
frequent MHC alleles in the Mexican population, achieving a
coverage of 97.78%. The coverage for the global population was
94.09%.

Material and Methods

GISAID: Sequence Searching of SARS CoV-2 Variants
Circulating in the Mexican Population

The in silico design of viral peptides is based on sequence data of
SARS-CoV-2 and its variants deposited in the GISAID database
(https://www.gisaid.org/CoV2020/). GISAID classifies the new
SARS-CoV-2 variants into clades (GISAID - hCov19 Variants).
These clades correspond to eight high-level phylogenetic groups
from an early split of S and L, followed by an evolution of L
into V and G, and later of G into GH, GR, and GV, and, more
recently GR into G RY (GISAID - hCov19 Variants). We consulted
a total of 7034 sequences between February 28th, 2020, to May
13th, 2021, selecting and grouping those with the most frequent
mutations. Finally, using the Nextstrain tool (Nextstrain / ncov /
gisaid / global / 6m), which classifies the variants into major clades
once a new variant reaches a global frequency of 20% at any given
time, we constructed a phylogenetic tree with the 7034 sequences
reported for our population.

Identification of the Widespread MHC alleles in the Mexican
Population

The MHC alleles were selected using the platform of Allele

2

Infect Dis Diag Treat, an open access journal

ISSN: 2577-1515

Volume 8; Issue: 2



Citation: Pérez, B.S., Ambrosio H.J., Hernandez M.L., Tirado R. (2024) In Silico Design of SARS-CoV-2 Peptides to Use as Potential
Biomarkers for the Diagnosis of COVID-19 in Mexican Population. Infect Dis Diag Treat 8: 266. DOI: 10.29011/2577-1515.100266.

frequencies (http://www.allelefrequencies.net/). The criteria
resolution for the MHC alleles was at least four digits (e.g.
A*02.01) [16,17].

Epitope Prediction for T Cells

The prediction of epitopes for CD8+ T cells , was done for different
peptides using resources from the IEDB (http:/tools.iebd.org/main/
tcell/), such as the Proteasomal cleavage/TAP transport/MHC
class I combine predictor and T cell class | MHC immunogenicity
predictor. Afterwards, the immunogenicity of each peptide was
calculated (Vaxijen v2.0 online). The threshold for strong binding
peptides (IC50) was set at 50 nM to determine the binding and
interaction potentials of the CD8+ T-cell epitope peptide and the
class I alleles of the major histocompatibility complex (MHC).
We selected ten alleles from the most frequent alleles found in
the Mexican population: A*02:01, A*24:02, A*68:01, B*35:01,
B*39:05, B*40:02, B*51:01, B*44:03, B*07:02, B*15:01. These
alleles were used with the IEDB algorithm to predict the best
peptides of the previously selected sequences of SARS CoV-2
variants; the selected peptides were nine aminoacids (a.a) in length.

The epitopes for T cells CD4+ were selected using the IEDB
MHC-II Binding Predictions tool (http:/tools.iebd.org/mheii).
The selected peptides were fifteen a.a. long, and we applied the
algorithm for the prediction of the mainly dominants epitopes
for MHC II. Based on the most frequent alleles in the Mexican
population, we selected 10 of them: DRB1*01:01, DRB1*04:04,
DRBI1*04:07, DRBI1*07:01, DRBI1%*08:02, DRBI1*11:01,
DRB1*14:02, DRB1*14:06, DRB1*15:01, DRB1*16:02.

Immunogenicity

The epitopes predicted to be presented by MHC class I were
analyzed using the Class I immunogenicity tool (http://tools.idb.
org/immunogenicity) and the parameters were selected according
to pre-established considerations in the platform.

The epitopes predicted to be presented by MHC class II were
analyzed with the CD4+T Cell Immunogenicity Prediction tool
(httpp://tools.iedb.org/CD4epscore) [18-21], and the parameters

were selected according to pre-established considerations on the
platform.

The peptides were ordered sequentially along the viral protein.
Antigenicity

The selected epitopes to be used as candidate biomarkers were
analyzed using the Vaxijen v2.0 platform (http://www.ddg-
pharmfac.net/VaxiJen/VaxiJen.html). The cut off value was > 0.4.

Population coverage

The population coverage for T cells epitopes was calculated
using the IEDB Population Coverage Tool http:// tools.iedb.org/
population [18]. On this platform, we submitted the set of epitopes
with the best characteristics of IC50, immunogenicity, and
antigenicity, either in conjunction or alone, with the most frequent
class I and class II alleles in our population.

Results

Variants of SARS CoV-2 Circulating in the Mexican population
from February 28", 2020, to May 13™ 2021

We downloaded a total of 7034 sequences of different SARS CoV-2
variants circulating in our population. These sequences were open
access in the GISAID platform, which allowed us to group the
viral variants in clades (Figure 1). Using these data, we established
a correlation between the clades and the number of cases (viral
sequences) corresponding to each clade (Table 1). Furthermore,
using the Nextstrain tool, we obtained the phylogenetic tree and
identified the corresponding lineage using the Pango network
(Figure 2). Our analysis of the sequences of circulating viral
variants in our population showed that the most frequent were
S D614G with 7,008 sequences or cases: N R203K with
5,083 sequences or cases, N G204R with 5,067 sequences and
NSP12 P323L with 7005 sequences. It is important to mention
that a variant could express more than one mutation [22,23]. This
analysis allowed us to understand the relevance of the diversity of
variants circulating among the population and identify the most
frequent ones. The results were used to select variants for the in-
silico design of peptides proposed as biomarkers for diagnostic
tests.
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Figure 1: Distribution of the main clades in the Mexican population. A total of 7034 sequences from viral Mexican isolates were
reported at the GISAID platform and all of them were classified in each clade. The clades with the highest circulation in our country
were established based on these data.

Figure 2: Phylogenetic tree of SARS CoV-2. The phylogenetic tree shows the 7034 sequences described up to May 13th, 2021. The
construction of the phylogenetic tree was done with NextStrain (NextStrain (https: //nextstrain.org).
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Clade Cases per mutation
G 1378
GH 577
GR 4939
GRY 104
GV 6
2
S 25
GK 2
Total of cases 7034
*Total number of cases from 28 February 2020 to 9 May 2021.

Table 1: Distribution of Clades in Mexico.

The Most Frequent MHC alleles Found in the Mexican
Population

The Mexican population possesses great genetic diversity. For the
design of diagnostic tests, we considered the allelic frequencies of
the most common HLA genes in the Mexican population, as HLA
alleles are critical components in the viral antigen presentation
pathway, and their ability to form the peptide-MHC complexes

(pMHC). According to the Allele frequencies platform, our results
show that the three most frequent class I alleles in our population
were: A*02:01, A*24:02 and A*68:01 (Figure 3A). Among these
molecules, the haplotype A*02:01 is particularly relevant as it has
been reported as a risk factor to develop severe COVID-19 [24,25].
Meanwhile, the molecules HLA-A*11:01 and HLA-A*24:02,
were more efficient in presenting viral peptides, thereby eliciting
a better CD8+ T cell response against SARS CoV-2. We also
identified that the class I HLA alleles locus B were B *35.01,
B*39.01 and B*40:02 (Figure 3B). Some reports suggest a relative
association between the B*35.01 allele locus and a low risk of
developing severe COVID-19. This data is relevant for us because
this allele is the most prevalent in our population.

The immune response mediated by CD8+ T cells is without a doubt
fundamental in the resolution of viral infections, and COVD-19 itis
no exception. Thus, we determined the distribution of class Il HLA
molecules in our population. The results indicated that the most
frequent were DRB1*04 >, DRB1*08 >, DRB1*14 >, DRB1*(07
>, DRB1*13 >, DRB1*11>, DRB1*01>, DRB1*15 >, DRB1*
03:01> and DRB1*16 (Figure 3C). Identifying the most common
class I and II alleles allowed us to select candidate peptides in
silico to be used as biomarkers for COVID-19 diagnosis.

Figure 3: Distribution of HLA class I and II in the Mexican population. The most frequent HLA alleles in the Mexican population were
obtained using the Allele frequencies platform (http://www.allelefrequencies.net/). The selection of the HLA molecules were on the
basis of a resolution of at least 4 digits. A. Distribution of HLA class I locus A, the most frequent alleles were A*02, A*24, A*68. B.
Distribution of HLA class I locus B molecules, the most frequent alleles were B*35, B*39, B*40:02. C. Distribution of class Il HLA
molecules, the most frequent alleles BRB1*04, DRB1*08, DRB1*14.
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In Silico Design of SARS CoV-2 Peptides starting from
Sequences of Mexican Viral isolates Reported in GISAID

For the design of the in silico peptides, we selected viral sequences
from the Mexican isolates reported in the GISAID platform. From
these sequences, the viral proteins expressing the most frequent
mutations reported in our population were selected. Among them
were the Spike protein (S D614G), Nucleoprotein (N R203K;
NG204R), Envelope protein (E), Matrix protein (M) and the viral
polymerase nonstructural protein (NSP-12 P323-L). We analyzed
nearly 300000 peptides. These peptides were selected based
on criteria from IEDB and Vaxijen, such as affinity (< 50nM),
processing and presentation (< 1) n in the context of HLA class 1.
We obtained 13 peptides for the S D614G protein; 4 peptides for
the E protein; 4 peptides for the M protein, One for N protein (N
R203K; NG204R) and 17 for NSP12 P323L protein. Moreover,
the selected peptides were validated using the Immunogenicity
Tool (http://tools.iedb.org/immunogenicity), confirming that these
peptides were the candidates with the best immunogenic and
antigenic capacity.

Considering the parameters established by the platform (http://
tools.iedb.org/immunogenicity), we chose peptides in the
context of HLA class I, our results showed in the context of
HLA-B*35:01 two peptides (LPFNDGVYF and WPWYIWLGF)
for the S protein (D614G), for the E protein, we chose one peptide
(FLAFVVFLL) in the context of HLA-A*02:01, for the N protein,
the sequence of the peptide was SPRWYFYYL in the framework
of HLA-B*07:02.; the corresponding peptide for the M protein
was LVIGAVVILR with the molecule HLA-A*68:01, and finally
two peptides (TSFGPLVRK and VVSTGYHFR) for the NSP-12_
P323L, both peptides were presented by HLA-A*68:01 (Table 2).

We also designed the peptides that were presented by HLA class II.
For the selection of these peptides, we used the platform http://tools.
iedb.org/main/tcell/, establishing parameters of immunogenicity
> 50 and antigenicity < 0.4. The results demonstrated that
the best candidates were peptides corresponding to the M
protein (FIASFRLFARTRSMW, IASFRLFARTRSMWS and
ASFRLFARTRSMWSF), all of which bind to HLA-DRB1*11:01
(Table 3).

Finally, our peptides designed by IEDB and Vaxijen, were
proposed as candidates to be used as markers for diagnostics in
our population in the context of the most frequent HLA class I and
Class II in the Mexican population (Table 2 and 3).

Population coverage

All the selected peptides met the parameters established by the
different tools of the IEDB platform and Vaxijen. These peptides
were selected to be used as biomarkers for diagnostic tests, in the
context of HLA class I and Class II, with the objective of reducing

the false-negative results. Moreover, these data allowed us to
determine the population coverage, which estimates the percentage
of individuals within a population (Mexico or worldwide) likely to
have at least one in silico designed epitope expected to interact
with their HLA class I and II alleles. Moreover, it was considered
that the epitopes could be processed as the cells carried out this
biological process. The set of peptides evaluated, associated with
the most frequent HLA class I alleles in our population, provided
an 86.41% population coverage. The same analysis indicated that
this set of peptides could be recognized by the world population
with a coverage percentage of 76.67%. (Figure 4). For HLA class
II epitopes, it was observed that they cover 83.66% of the Mexican
population and 76.69% of the world population (Figure 4). Finally,
we analyzed the coverage of the epitopes of HLA class I and 1II,
and the results demonstrated that both the Mexican population and
the world population were covered at over 90% (Figure 4).

Population coverage for class |
alleles

Population coverage for class Il alleles

Population coverage for class | and II

94.09%

Figure 4: Population coverage of HLA class I epitopes. A.
Population coverage indicates the percentage of the T-cell epitope
set of the SARS-CoV S, N, M, E, NSP12 p323L interacting with
the most frequent HLA class I alleles in the Mexican (86.41) and
global (76.67%). Population coverage of HLA class II epitopes.
T-cell epitope set S, N, M, E, NSP12 p323L for SARS-CoV-2 for
Mexican (83.66%) and global (74.69%). C. Population coverage
of HLA class I and class II epitopes. Set of epitopes of S, N, M,
E, NSP12 p323L of SARS-CoV-2 for the Mexican (97.78%) and
global (94.09%) population coverage worldwide (94.09%).

Discussion

SARS-CoV2 causes a life-threatening disease called COVID19,
which can be particularly severe in individuals with comorbidities.
The effective transmission and dispersion of the virus have led to
the emergence of various viral variants. Some of these variants
are more transmissible, virulent or can potentially evade immunity
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induced by vaccination or previous infection. In Mexico, according
to GISAID data up to May 13,2021, the most frequent clades were
GR, G, GH and GRY. Using the NextStrain platform, the most
prevalent lineages in our country were identified as B.1.1.519 and
B.1, which correspond to the GR and GH clades, respectively.

In the case of the sequences reported in GISAID, there were a
total of 4939 for the GR clade, 1378 for the G clade, 577 for the
GH clade, and finally 104 for the GRY clade. All these sequences
share the D614G mutation located in the receptor-binding
domain (RBD), which is near the proteolytic cleavage of the S1
subunit. This modification favors proteolytic processing and in
consequence, viral entry.

Moreover, according to the reported sequences of the Mexican
isolates, the most frequent mutation was RdRp P323L as shown
in Table 2 and 3. This modification promotes a more efficient viral
replication and likely improves the catalysis of the transcription
of viral genomic and subgenomic RNAs. Furthermore, we
could identify two other mutations at the nucleocapsid gene at
two different sites: R203K and G204R. These modifications are
relevant at two levels of the viral replication. The nucleocapsid
protein plays a fundamental role during virion assembly through
its interactions with the viral genome and the membrane protein
M and has an important role in enhancing the efficiency of
subgenomic viral RNA transcription and viral replication.

Although we have described the main mutations reported in the
Mexican population, other mutations were also present, such as M
QI19E; A63T and E TII. For our study, all the sequences previously
described were relevant for designing the viral peptides proposed
as candidates for biomarkers in the diagnosis of SARS CoV-2 in
the Mexican population.

For this purpose, we identified the most frequent class I alleles
expressed in the Mexican population. According to our data,

the following were found: HLA-A*01:01, HLA-A*02:01,
HLA-A*03:01,HLA*24:02, HLA-A*26:01, HLA- A*31:01,
HLA-A*68:01, HLA- HLA- B*18:01, HLA-B*35:03,

HLA-B*38:01, HLA- B*44:02, HLA-B*44:03 and HLA-B*51:0.
Among these, one of the most significant and commonly found is
HLA-A*02:01, because, is considered a risk factor for developing
severe COVID19 due to its deficient capacity for processing
antigen presentation [25,26].

Meanwhile, HLA*11:01 and HLA*24:02 molecules play an
important role in antigen presentation [27], with better processing
of viral antigens and, consequently, a better antiviral T cell response
[28]. The predictions for class I epitopes of SARS-CoV-2 proteins
were identified using in silico methods and validated by IEDB
and Vaxijen. From this analysis we found a total of 38 potential
peptides. These peptides showed the best affinity characteristics

(less than 50 nM), indicating good binding and interaction of the
peptide with CD8+ T cells and the MHC 1 allele, with adequate
processing assessed by the proteasomal cleavage tool / TAP /
MHC class I transport, resulting in a high or low proteosome score
combined with a good protein processing, peptides with the lowest
scores were discarded.

We also included the locus B alleles of class I, the most frequently
found in our population: HLA-B*18:01, HLA-B*35:01,
HLA-B*38:01, HLA-B*44:02, HLA-B*44:03, HLA-B*51:01.
Notably, the B*35, B*39 and B*40:02 molecules are relevant
because HLA-B*35:01 is associated with a lower risk of
developing severe COVID-19, as it shows a high capacity to
present SARS-CoV-2 antigens compared to other HLA class I
locus B alleles according to the literature [29]. This allele is also
the most frequent, present in 19% of the Mexican population.

We also identified the most prevalent class II alleles in the
Mexican population. Our study showed that DRB1*04, DRB1*08
and DRB1*14 were the most widespread. It has been described
that DRB*04 is associated with increased susceptibility to CoV-
19, and DRB1*08 and DRB1*1 are more likely to be associated
with severe COVID-19 [30-34], collectively representing a
19% of prevalence in Mexico. Furthermore, soluble HLA-G
considered for early detection of gestational diabetes [35], could
be considered since the latter has been associated with the severe
clinical syndrome of SARS-CoV-2 infection [36].

Given the fundamental role of CD4+ T cell activation in the
induction of an immune response, we identified the alleles with
the highest frequency, among them were DRB*04, associated with
increased susceptibility to CoVID-19, and DRB*08. HLA DRB1
shows a higher probability of susceptibility to severe CoVID-19,
due to the involvement of MHC II involved in antigen presentation
to CD4+ helper T cells to facilitate the humoral immune response,
in relation to SARS-CoV-2 infection, HLA-DR levels are mainly
related to monocytes, if their expression is low it is associated with
a deregulated immune response.

Using this data, we designed and selected peptides with the
best scores according to the parameters of both IEDB and
Vaxijen platforms. We chose three epitopes of the M viral
protein: FIASFRLFARTRSMW, IASFRLFARTRSMWS,
and ASFRLFARTRSMWSF (same central/nuclear sequence
“FRLFARTRS”). These epitopes were selected because of their
immunogenicity and binding characteristics to the most frequent
MHC molecules in our population, making them strong candidates
for biomarkers for the development of diagnostic tests. The in silico
analysis suggests that these peptides are likely to be processed
and presented naturally, potentially inducing the production of
neutralizing antibodies that can be used in diagnostic serological
tests.
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Since the peptides selected have the highest value for processing and presentation in the context of the most widely distributed MHCs
in our population, and they are considered markers for the design of diagnostic tests, it is crucial to ensure a minimal margin of false
negatives. Thus, population coverage was determined. Our combined population coverage data (HLA class I and class II) corresponds
to 97.78% for the Mexican population. For the same peptides, the worldwide population coverage was 94.09%. This indicates that
peptides designed based on the Mexican sequences reported in GISAID can be recognized by other populations and can be used in other
countries.

Table 2: Epitopes of the proteins S D614G, E, N, N, M NSP12 P323L for MHC I from the Mexican population.
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Table 3: Epitopes of the proteins S D614G, E, N, N, M NSP12 P323L for MHC II from the Mexican population.

Conclusion

In summary, a total of 7034 peptide sequences of SARS CoV2 viral
proteins were analyzed and we could identify 17 peptides from
protein S (D614G), 3 peptides from protein E, 6 peptides from
protein M, 1 peptide from protein N (R203K and G204R) and 13
peptides from NSP12 (P323L). All of these peptides demonstrated
adequate immunogenicity and the ability to interact with the most
frequent HLA alleles expressed in the Mexican population. When
the peptides for HLA I and HLA II molecules are tested together,
the population coverage is 97.78% for the Mexican population,
and the global population coverage is 94.09%. Due to their
characteristics, we propose they would make strong candidates for
biomarkers to be used in diagnostic tests.
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