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ARTICLE INFO ABSTRACT

Keywords: The far-reaching effects of the SARS-CoV-2 pandemic have crippled the progress of the world today. With the
In-silico drug design introduction of newer and newer mutated variants of the virus, it has become necessary to have a vaccine that
SARS-CoV-2

remains useful against all the mutated strains of SARS-CoV-2. In this regard, peptide vaccines turn out to be a
cheap alternative to the traditionally designed vaccines owing to their much quicker and computationally easier,
and more robust design procedures. Here, in this article, we hypothesize that there are three possible peptide
vaccine regions that can be targeted to prevent the surge of SARS-CoV-2. The candidates that were selected, were
surface-exposed and were not sequestered by any neighbouring amino acids. They were also found to be capable
of generating both B-cell and T-cell immune responses. Most importantly, none of them contains any spike
protein mutation of the currently prevailing variants of SARS-CoV-2. From these findings, we have therefore
concluded that these three regions can be used in wet labs for peptide vaccine design against the upcoming

Spike glycoprotein
Peptide vaccine
Computational model

strains of SARS-CoV-2.

Introduction

Since the inception of SARS-CoV-2 back in December 2019, ac-
cording to WHO, there have been 211,730,035 reported cases of it with
4,430,697 deaths as of 23 August 2021 [1]. With the introduction of
various mutated strains of this virus that are even more virulent than
their predecessors, methodical circulation of vaccines throughout the
world has been a silver lining in this regard. mRNA vaccines like Pfizer
BioNTech (BNT162b2) and Moderna (mRNA1273); adenovirus vector
vaccines such as Oxford-AstraZeneca (Covishield), Sputnik V, Janssen,
Convidicea, Sputnik Light; inactivated virus vaccines such as Sino-
pharm, CoronaVac, Covaxin; subunit vaccines such as EpiVacCorona,
ZF2001, Abdala, Soberana 02 have granted emergency use around the
world [2,3]. Recent studies have shown that non-steroidal anti-inflam-
matory drugs (NSAIDS), particularly indomethacin can be a good option
for initial therapeutic proceedings against COVID patients [4]. Besides,
the inactivation of the estrogen signaling pathway in lung cells [5] might
also help in damping the COVID-19 severity. Studies have also reflected
the mechanisms behind natural and vaccine-induced immunity against
SARS-COV-2 in humans [6], but the existence of long-term acquired
immunity is under scrutiny [7,8].
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Some mutated strains have been classified by the WHO as the Vari-
ants of Concern (VOC) on the basis of increased transmissibility, resis-
tance towards vaccines and varied clinical symptoms. One of the
deadliest strains of COVID-19 is the B.1.617.2 or Delta variant as it is
more contagious (40-60% more transmissible than the B.1.1.7 or Alpha
variant) [9]. This strain was first documented in India around October
2020. It can break the vaccine cover quite easily. This strain can remain
unaffected by a single dose of the Pfizer BioNTech vaccine [10]. Even
the effectiveness of the AstraZeneca ChAdOx1 nCoV-19 vaccine after the
first dose was quite low for people affected by the Delta variant, but the
effectiveness rose to 74.5% (with a confidence interval of 95%) after the
second dose [11]. Other SARS-CoV-2 Variants of Concern are the Beta
strain (B.1.351, B.1.351.2, B.1.351.3) and the Gamma strain (P.1, P.1.1,
P.1.2).

Some mutated strains of COVID-19 have altered amino acids in their
Receptor Binding Domain (RBD) which can increase their binding af-
finity with the human ACE-2 receptor and hence, making them more
infectious. A list of such of such variants and their corresponding al-
terations in the RBD domain is shown in Table 1. Thus, the question of
long-term immunity against a variety of SARS-CoV-2 strains becomes
the most important question that needs to be answered as soon as
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Table 1
List of some of commonly observed mutated strains of SARS-CoV-2 and their
mutation in the receptor binding domain.

Commonly Pango Lineage Mutations in the receptor binding
observed variants domain (RBD) in the surface
glycoprotein
Alpha B.1.1.7 E484K, $494P, N501Y
Beta B.1.351, K417N, E484K, N501Y
B.1.351.2,
B.1.351.3
Gamma P.1,P.1.1,P.1.2 K417N, E484K, N501Y
Delta B.1.617.2, AY.1, K417N, L452R, T478K
AY.2, AY.3
Omicron B.1.1.529 G339D, S371L, S373P, S375F, K417N,
N440K, G446S, S477N, T478K, E484A,
Q493R, G496S, Q498R, N501Y, Y505H
Lambda C.37 L452Q, F490S
Mu B.1.621 R346K, E484K, N501Y
Kappa B.1.617.1 L452R, E484Q
Eta B.1.525 E484K
Iota B.1.526 L452R, S477N, E484K
Epsilon B.1.427, B.1.429 L452R
Zeta P.2 E484K
_ B.1.1.519 T478K
_ B.1.620 S477N, E484K
_ B.1.177 T445C
_ B.1.617.3 L452R, E484Q

possible. Effective COVID-19 vaccines with durable specific immunity to
encounter the real virus in coming times and an ability to stimulate
immune responses from both B-cells and T-cells are on the hunt. In this
regard, peptide vaccines can be a good option as they are synthetically
designed [12], and can be prepared by analysing the conserved se-
quences which are potential epitopes. One can also swap target epitopes
and amino acids with relative ease.

It is also possible to contemplate tailoring the vaccine to a particular
host population and alter it for individual community needs. Moreover,
being synthetic in nature, they would be cost-effective in terms of
storage and transportation [13]. The latest evolution in solid-phase
peptide synthesis (SPPS) using automatic synthesizers and the applica-
tion of microwave approaches render peptide vaccines as suitable for
large-scale production with low costs and high reproducibility [14].
Normally they are water-soluble and more stable under simple storage
conditions [15] and their stability can be easily obtained using standard
physicochemical characterization methods. Furthermore, as the viral
strains are mutating, the peptide vaccines could be quickly tailored to
cope with those specific mutating strains by epitope recognition among
the targeted human population [13] which would be very difficult to
accommodate in traditional vaccine regimes.

This implies the peptide vaccines can respond rapidly as needed to
changes in the SARS-CoV-2 virus and can be easily modified to cope with
upcoming viral variants. Over the past, peptide vaccines have exhibited
tremendous efficiency against multiple types of cancers, ranging from
their applications against cancer-causing Human Papillomavirus (HPV)
[16] to patients with unresectable Stage III or IV melanoma [17]. In a
similar way, many promising peptide-based vaccines in COVID-19 are
also in development namely FlowVax COVID-19 vaccine by Flow
Pharma, DPX COVID-19 by IVM Inc, Ii-Key Peptide-based Covid-19
vaccine by Generex Biotechnology [18].

In this article, we have described a novel computational approach
that takes into account the surface-exposed protein of SARS-CoV-2, that
is, spike glycoprotein, and recommends the best possible vaccine can-
didates for the virus [19]. The method offers two primary advantages in
comparison with other competent techniques. Firstly, it is based on an
alignment-free mathematical model and hence it avoids the enormous
computational cost involved in residue-residue comparison while
applying the otherwise frequently-used alignment models for vaccine
design. Secondly, it considers only those vaccine targets that remain
conserved against mutation, thus ensuring long-term immunity against
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various strains of the virus.

The spike protein has been chosen as the basis for this design as it is
the antigenic component among all structural proteins for SARS-CoV-2
and it is responsible for inducing the host immune response. Vaccines
designed from spike protein can induce protective immunity against
viral infection [20].

The hypothesis
Defining the problem

The main focus of this in silico experiment will be to test whether our
computational approach [19] is able to recommend the most suitable
peptide vaccine targets against SARS-CoV-2 such that they evade all
possible mutations in the frequently observed strains of concern of the
virus and are not concealed by any neighbouring amino acids. The
factors involved in evaluating this hypothesis include studying the
mutation probability and solvent accessibility across the spike protein
sequence and checking the epitope potential and autoimmunity of the
selected peptide targets. The experiment’s outcome will be a list of
peptide candidates based on which the vaccines can be prepared and
checked for their efficacy in wet labs.

By determining mutation probability as an input parameter in this
method, we ensure that the vaccine targets are based on only those re-
gions of the spike protein which have shown negligible tendency to vary,
both with time and among the host population.

Mathematical foundation for the selection

The first stage of the method involves a two-stepped model described
as follows.

Step 1: Defining a ‘w’ parameter to find conserved and exposed regions

The process begins with calculating a w parameter for every possible
12-length peptide from the spike protein sequence. The w parameter
depends on quantified representations of both surface exposure (ASA)
and conservativeness (1/PV) for all these peptides. A ranking list for all
the 12-length peptides is prepared in descending order of their w values.
The top-ranked peptides are then “grouped” as per their position in the
sequence, by following certain necessary conditions [19]. This eventu-
ally gave 16 grouped “peptide zones”.

Step 2: Using 2D Polygon Representation, a mathematical model, to find
peptide groups that are conserved, exposed and spanned across a large area

This step deals with calculating a score for these zones with the help
of a mathematical model, namely, “2D Polygon Representation” [19].
The model uses the normalized versions of three different parameters —
average ASA, average 1/PV, and the span of each zone. Span gives the
area that the peptide region covers on the surface of the protein. Average
ASA or average 1/PV are defined as the average of the ASA and 1/PV
values respectively of all the 12-length peptides that constitute the
grouped peptide zone under consideration. In other words, average ASA
and average 1/PV signify the overall surface exposure and the overall
conservativeness respectively, of the peptide zone. The normalization of
all the three parameters has been done on a common scale to indicate
that each of the three parameters was of equal weightage. Fig. 1 shows
the diagrammatic representation of the 2D Polygon model. The model
represents them as the lengths of three concurrent arms, 120 degrees
apart from each other. The area of the triangle formed by the three free
ends of the arms is considered as the score generated by the model for
that peptide zone. The zones are now ranked in descending order of their
respective model scores. As in Fig. 1, OA, OB and OC represent the three
arms and the area of AABC gives the score. Here |OA| = length of OA
arm, gives the normalised average ASA. Similarly, |OB| gives normalised
average 1/PV and |OC| gives the normalised length of the peptide
region.
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Normalised average ASA

Normalised span or length

Normalised average 1/PV

Fig. 1. Geometrical overview of the 2D Polygon Representation (The three
arms OA, OB and OC represent the three parameters used in the model).

The zones in the top 50th percentile as per the 2D model score are to
be considered for two further steps — first, to check the epitope potential
of the regions and second, to check whether they cause autoimmune
threats in human hosts. The epitope potential of the regions was pri-
marily judged by studying the T-cell epitopes given by the MHC-II
binding predictions in Immune Epitope Database Analysis Resource
(IEDB-AR) [21]. Finally, we checked if the qualified zones pose any
significant chance of causing autoimmune threats [19], using NCBI Basic
Local Alignment Search Tool (BLAST) server [22].

Analysing the peptide regions obtained

3D visualization of the shortlisted peptide regions using PyMOL

PyMOL, a widely used molecular visualization tool [23], has been
used here to observe the location of the selected peptide regions on the
spike protein. Previously, it was the two-stepped mathematical
approach that used a quantified representation of ASA to determine
surface exposure. But now, using PyMOL, the regions are visualised in a
3D structural model to understand whether they are surface accessible
or, partially or fully covered by neighbouring amino acids. For this, we
have retrieved a 3D structural model having Protein Data Bank ID
“6VYB” of the spike protein of SARS-CoV-2 [24]. The model is available
in the RCSB Protein Data Bank [25]. The PyMOL interface contains
multiple options to modify the way the models or the zones highlighted
in the model are visualised.

Checking whether the peptide regions are also capable of producing B-cell
immune response

Previously, the analysis was mainly focused on verifying the epitope
potential of the regions by determining their T-cell immunogenicity,
considering their binding with MHC-II alleles. But in addition to this, it is
also necessary to know about their B-cell immunogenicity. We have used
the ABCpred server for this purpose [26]. The server takes the full-length
amino acid sequence of the spike protein as input. The threshold and the
number of amino acids desired in each B-cell epitope can be selected
accordingly. Finally, using a recurrent neural network, the server pre-
dicts the relevant B-cell epitopes. We have compared the shortlisted
peptide regions obtained from our analyses with this list. In the end, we
were able to comprehend that the peptide candidates show both T-cell
and B-cell immunogenicity.

Analysing and comparing the mutations of the most frequently occurring
variants of SARS-CoV-2 with the shortlisted peptide regions
The Centers for Disease Control and Prevention (CDC) presents a list
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of all the variants of concern and the variants of interest of SARS-CoV-2
with respect to the current scenario [27]. Simultaneously, a list of all
synonymous and non-synonymous mutations occurring in the spike
protein domain of each of these variants have been given in the Co-
Variants website [28]. Now, in this regard, every time a new strain of the
virus arrives, it is always necessary to check whether the existing or
proposed vaccines can work against these mutated variants. So, for an
effective peptide vaccine design, it is imperative that the vaccine can-
didates are selected in a way that they do not contain any region where
the mutations in these variants have occurred. For this purpose, we have
compared our shortlisted peptide regions with the places of mutation of
the variants of concern and interest as well as with that of the recently
emerging Omicron variant. Finally, the comparison showed that there
was nothing in common between the mutations and the shortlisted
peptide regions, thus proving our method’s efficacy.

Data sources

The spike protein sequences for our study have been retrieved from
the NCBI database [29]. We have particularly used the sequence
YP_009724390.1 as input for the ABCpred server for determining the B-
cell epitopes [30]. The SABLE server [31-34] has been used to obtain the
solvent accessibility values for each amino acid position of the spike
protein sequence. Using the moving average technique with a window of
12, the quantified expressions of surface exposure (ASA) of the 12-length
peptides are then obtained.

Fig. 2 gives a flowchart of the entire protocol of designing vaccine
candidates for SARS-CoV-2. Hence, by executing all the aforementioned
steps in this approach, we hypothesize that this will give us the regions
on the surface glycoprotein of SARS-CoV-2 that should be targeted for
designing effective vaccines.

Evaluation of the hypothesis

With the help of the two-stepped mathematical approach (w
parameter and 2D Polygon Representation), peptide regions were
selected which were surface accessible, conserved and spanned across a
broad area [19]. The ones which lacked insufficient T-cell immunoge-
nicity and showed significant chances of auto-immunity were discarded
thereafter. Table 2 gives the list of the remaining peptide regions which
were shortlisted as possible vaccine candidates.

Now, using PyMOL, we have visualised these 4 peptide regions. The
3D model “6VYB” was first loaded in the software before highlighting
these peptide regions. Fig. 3(A)-(D) show an overview of the vaccine
targets on the 3D simulation in PyMOL.

Asin Fig. 3(A)-(D), the regions 527-541, 459-470 and 987-1001 are
very well surface-exposed. On the contrary, the region 1021-1035 is
almost fully covered by its neighbouring amino acids, and hence, not
accessible even after having a high normalized average ASA. A possible
explanation for this is that the spike protein has a trimeric structure, that
is, it consists of three chains A, B and C. Our analyses are limited only to
the protein sequence of a single chain. Because the region 1021-1035
falls in the place where the three chains converge together, it gets
enclosed within the junction area of the chains and as a whole, it is not
well accessible. Ultimately, we are left with three peptide candidates:
527-541, 459-470 and 987-1001, which can be tested further. Region
1021-1035, meanwhile, has to be discarded.

Using the ABCpred server, we have then checked the B-cell immu-
nogenicity of the three regions tentatively selected. We have used a
threshold of 0.65 for a stricter condition of predicting the B-cell epi-
topes. We looked for all possible 16-length B-cell epitopes from the
server using that threshold, as listed in Table S1 of the Supplementary
file. The corresponding score given beside each entry in Table S1 in the
file represents the probability of such a peptide being a B-cell epitope. A
higher score means a greater probability of that happening. Now, on
comparing the three regions 527-541, 459-470 and 987-1001 with this
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are exposed on the surface or covered by common to mutations in the variants SHORTLIST

neighbouring amino acids

of concern or interest (if any)

Fig. 2. Complete overview of our approach to design peptide vaccine targets for COVID 19.
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Table 2
List of the finally selected peptide vaccine candidates from spike protein of
SARS-CoV-2 [19].

Starting position of the
candidate in the sequence

Ending position of the
candidate in the sequence

Peptide stretch

1021 1035 SANLAATKMSECVLG
527 541 PKKSTNLVKNKCVNF
459 470 SNLKPFERDIST

987 1001 VEAEVQIDRLITGRL

list, we found that all of them were contained partially or fully with the
matching epitopes. This shows that these regions not only can cause a T-
cell immune response but can also generate a B-cell response. Table 3
gives a list of the best matching B-cell epitope with the best possible
score corresponding to the three peptide regions.

In the end, we retrieved the information about the mutations in the
variants of concern and variants of interest of SARS-CoV-2 (as of August
18, 2021). In Table 4, for each variant of concern and each variant of
interest, we have compared the three regions with the spike protein
mutations associated with the variant. For every case, we found that
there were no matches. We further compared the regions with the mu-
tations occurring in the spike protein of the currently surging Omicron
variant of SARS-CoV-2 [28], and observed that for this case as well,
there was no coherence between the mutations and the peptide targets.

Therefore, we can comment that the 3 regions, PKKSTNLVKNKCVNF
(527-541), SNLKPFERDIST (459-470) and VEAEVQIDRLITGRL

A. 459-470 (SNLKPFERDIST)

C. 987-1001 (VEAEVQIDRLITGRL)
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(987-1001) have the following characteristics as listed below:

3.1 They are surface-accessible, conserved and occupy a broad area
on the spike protein surface.

3.2 They show both B-cell and T-cell immunogenicity.

3.3 They have negligible chances of causing any autoimmune threats
in a human host.

3.4 Among the significant variants of SARS-CoV-2 in the current
standpoint, there is no such mutation that falls within our proposed
peptide vaccine candidates.

Taking all the above characteristics into account, we can therefore
suggest that these peptide regions are suitable for vaccine design against
SARS-CoV-2. A special significance of the region SNLKPFERDIST
(459-470) is that it is a highly surface-accessible and a highly conserved
peptide region falling under the receptor-binding domain (RBD) of the
spike protein, that is, the region where it binds with the ACE2 receptor
which ranges from 318 to 513 amino acid residues [35]. Moreover, the

Table 3
Comparison of the three selected regions with the best matching B-cell epitope
having the best possible score with threshold = 0.65.

Peptide regions B-cell epitope Start End Score
position position
PKKSTNLVKNKCVNF CGPKKSTNLVKNKCVN 525 540 0.86
VEAEVQIDRLITGRL EAEVQIDRLITGRLQS 988 1003 0.73
SNLKPFERDIST RKSNLKPFERDISTEI 457 472 0.65

B. 527-541 (PKKSTNLVKNKCVNF)

D. 1021-1035 (SANLAATKMSECVLG)

Fig. 3. A brief overview of the geometrical location of the four target regions (A) 459-470, (B) 527-541, (C) 987-1001 and (D) 1021-1035, on the 3D model of the
trimeric structure of spike protein. The target regions have been highlighted in green. (For interpretation of the references to colour in this figure legend, the reader is

referred to the web version of this article.)
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Table 4
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Comparison of the three peptide vaccine candidates with the mutations present in the most significant variants of SARS-CoV-2. The table shows that the regions are all

free from any of the listed mutations.

As of August 18, 2021

For variants of Variant Spike Protein mutations Peptide Sequences to be Remark
concern matched
Alpha (B.1.1.7) 69del, 70del, 144del, E484K, S494P, N501Y, A570D, D614G, P681H, PKKSTNLVKNKCVNF (527- No matches
Originated in: United T7161, S982A, D1118H, K1191N 541) found
Kingdom SNLKPFERDIST (459-470)
VEAEVQIDRLITGRL (987-
1001)
Beta (B.1.351, B.1.351.2, D80A, D215G, 241del, 242del, 243del, K417N, E484K, N501Y, D614G, PKKSTNLVKNKCVNF (527- No matches
B.1.351.3) A701V 541) found
Originated in: South Africa SNLKPFERDIST (459-470)
VEAEVQIDRLITGRL (987-
1001)
Delta (B.1.617.2, AY.1, AY.2, T19R, V70F, T95I, G142D, E156-, F157-, R158G, A222V, W258L, K417N, PKKSTNLVKNKCVNF (527- No matches
AY.3) L452R, T478K, D614G, P681R, D9SON 541) found
Originated in: India SNLKPFERDIST (459-470)
VEAEVQIDRLITGRL (987-
1001)
Gamma (P.1, P.1.1, P.1.2) L18F, T20N, P26S, D138Y, R190S, K417T, E484K, N501Y, D614G, H655Y, PKKSTNLVKNKCVNF (527- No matches
Originated in: Japan, Brazil T10271 541) found
SNLKPFERDIST (459-470)
VEAEVQIDRLITGRL (987-
1001)
For variants of B.1.427 L452R, D614G PKKSTNLVKNKCVNF (527- No matches
interest Originated in: United States 541) found
(California) SNLKPFERDIST (459-470)
VEAEVQIDRLITGRL (987-
1001)
B.1.429 S13I, W152C, L452R, D614G PKKSTNLVKNKCVNF (527- No matches
Originated in: United States 541) found
(California) SNLKPFERDIST (459-470)
VEAEVQIDRLITGRL (987-
1001)
Eta (B.1.525) A67V, 69del, 70del, 144del, E484K, D614G, Q677H, F888L PKKSTNLVKNKCVNF (527- No matches
Originated in: United 541) found
Kingdom, Nigeria SNLKPFERDIST (459-470)
VEAEVQIDRLITGRL (987-
1001)
Iota (B.1.526) L5F, D80G, T951, Y144-, F157S, D253G, L452R, S477N, E484K, D614G, PKKSTNLVKNKCVNF (527- No matches
Originated in: United States A701V, T859N, D950H, Q957R 541) found
(New York) SNLKPFERDIST (459-470)
VEAEVQIDRLITGRL (987-
1001)
Kappa (B.1.617.1) T95I, G142D, E154K, L452R, E484Q, D614G, P681R, Q1071H PKKSTNLVKNKCVNF (527- No matches
Originated in: India 541) found
SNLKPFERDIST (459-470)
VEAEVQIDRLITGRL (987-
1001)
B.1.617.3 T19R, G142D, L452R, E484Q, D614G, P681R, D950N PKKSTNLVKNKCVNF (527- No matches
Originated in: India 541) found

SNLKPFERDIST (459-470)
VEAEVQIDRLITGRL (987-
1001)

RBD region is a critical target for neutralizing antibodies and some
vaccines [36]. Now as we are able to find the region, SNLKPFERDIST
(459-470) which completely lies within this RBD domain, the peptide
vaccine designed using this amino acid stretch can indeed be a suitable
candidate for a potential therapeutic. Additionally, as this peptide re-
gion is highly conserved throughout the various strains, we can hy-
pothesize that it plays a critical role in attaching with the human ACE2
receptor directly or indirectly.

However, these peptides when used alone, generally show low
immunogenicity. The targets can be, thus, coupled with innate immune
agonists in the form of adjuvants to improve the immunogenic response
and ensure a long-term immunity in the host body [37]. Furthermore, in
vitro and in vivo evaluation of such a vaccine on animal models through
wet lab tests is also needed to verify its efficacy before performing its
trial on the infected patients.

Discussion

The findings described here takes a step ahead from our previous
work [19] to propose target regions on the spike protein that can be
utilised for vaccine design against the most impactful strains of SARS-
CoV-2 prevailing right now. Moreover, from the structural analysis of
the spike protein explained in this article, we have found that one
particular peptide region, mentioned in the previous work, remains
sequestered by its neighbouring amino acids, for which it has not been
recommended for use.

The three remaining peptide candidates which we highly recom-
mend for vaccine production are conserved that is, they have not been
affected by any sort of mutations in these variants. Simultaneously,
these three regions are also well exposed on the surface of the spike
protein, have negligible chance of causing autoimmune disorders, and
are capable of producing adequate B-cell and T-cell epitopes in the host.
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However, our approach is limited to an in silico study. Therefore,
through different phases of human trials, it is yet to be seen whether
vaccines prepared using these targets can sustain a prolonged immunity
in the human host. Safety is another area of concern when it comes to
choosing the proper adjuvants for this design.

Nevertheless, the protocol suggests that the peptide vaccines pre-
pared using these regions have a high possibility of preventing outbreaks
if used in response to the introduction of a new strain of the virus as well
as work efficiently against the existing strains. They can be universally
used as a proactive safeguard against SARS-CoV-2 by mitigating the risk
of its re-emergence in humans. With these peptides, or by adopting the
approach communicated in this article, perhaps we can also prevent a
“SARS-CoV-3” in the future, that is, this technique can also be followed
up to prevent future pandemics.

It is now up to the wet lab scientists to use these peptide stretches and
combine them with suitable adjuvants to design effective peptide vac-
cine formulations. We envision that with this procedure, the recurring
outbreaks of the COVID 19 strains can be reduced while minimising the
massive economic losses as well.
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