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Abstract:

In the context of COVID-19 pandemic, the fast roll-out of a vaccinum and also the implementation of a worldwide protection
campaign is critical, however its success will rely on the provision of an operational and clear distribution chain that may be
audited by all relevant stakeholders. during this paper, we tend to discuss however blockchain technology can facilitate in
many aspects of COVID-19 vaccination scheme. we tend to gift a system within which blockchain technology is employed to
warranty knowledge integrity and changelessness of beneficiary registration for vaccination, avoiding identity thefts and
impersonations good contracts are outlined to observe and track the correct vaccine distribution conditions against the safe
handling rules outlined by vaccinum producers sanctionative the notice of all network peers. For vaccine administration, a
clear and tamper-proof solution is provided for self-reporting of adverse reactions, taking into account the relationship between
the recipient and the administered vaccine. A epitome was enforced victimisation the Ethereum take a look at network,
Ropsten, considering the COVID-19 vaccine distribution conditions. The results obtained for each on-chain operation are
going to be checked and valid on the Etherscan. In terms of output and scalability, the projected blockchain system shows
promising results whereas the calculable price in terms of gas for vaccination state of affairs supported real knowledge remains
among cheap limits. We forecast COVID-19 growth rates using statistical, epidemiological, machine learning and deep
learning models, and a new combined forecasting method based on nearest neighbors and subgroups. We continue to model
and forecast excess demand for products and services during the pandemic using ancillary data (Google trends) and simulate
government decisions (lockout). Our empirical findings can immediately help policymakers and decision makers make better
decisions during current and future pandemics.

Keywords: Blockchain platform, Blockchain system, Blockchain technology, COVID-19 pandemic, COVID-19 vaccine
distribution conditions, COVID-19 vaccination scheme, COVID-19 vaccine supply management, COVID-19 pandemic,
Immutability, On-chain operation, Operational distribution chain, Rapid roll-out, Transparent distribution chain, Worldwide
immunization campaign

I Introduction

The Covidl9 virus, part of the coronavirus
ribonucleic acid virus family [1], has created a global
pandemic that is very easy to spread and is putting
great pressure on healthcare systems and social
classes. Since its identification in December 2019 in
Wuhan, China, it has spread rapidly through
community transmission, causing around 65 million
confirmed cases and more than 1.5 million deaths as
of December 2020 [2], [3] . Even though significant
efforts have been made to combat the pandemic, the
speed of the virus' spread has only slowed. Many
countries still have restrictive measures in place to
avoid suffocating hospitals and treatment centers [4].

Our generation has never experienced such a
pandemic in before. Although HIV/AIDS is
associated with an additional 4444 deaths, the rate
COVID-19 can kill even perfectly healthy people
(sometimes within days) and unprecedented
disruption in the work and social life, it has forced
4444 a vulnerable section of the populationinto strict
quarantine for 12 weeks over many months), making
this pandemic unique.

In addition, this pandemic and the associated global
health crisis caused significant disruption to
upstream supply chains, while warehousing and
warehousing lalso caused significant downstream
disruption. The balance between supply and demand
is further affected by the travel bans and blockades in
several countries around the world. Due to these


mailto:dhahabiyya@gmail.com
mailto:trupti.baraskar@mitwpu.edu.in
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank

8065

Journal of Positive School Psychology

disruptions, pandemic real-time short-term (daily and
weekly) forecasting and supply chain impacts have
become very important management and decision-
making principles. Medium- to long-term forecasts
are also essential for supply chain planning (monthly,
quarterly, and annual). However, research into this
can be very important as more and more reliable
supply chain data becomes available after the first
wave of the pandemic.

Accurately anticipating the development of new
cases allows you to more effectively manage the
resulting excess demand throughout your supply
chain. Common sense and recent experience is that
the acceleration and progression of COVID-19 has
led to imminent changes in real needs (health care
and food) and consumer behavior (eg hoarding at
home and overstocking 5) in all countries. It suggests
that they are connected. These changes put a heavy
burden on each supply chain. For example, when
consumers panic about buying dry pasta, the entire
egg, flour, and wheat supply chain is ultimately
affected.

Therefore, during a pandemic, predictions are
essential for effective government decision-making,
supply chain resource management, and notification
of very difficult policy decisions such as curfew and
curfew. Increase. Predicting the occurrence of a
pandemic, i. H. Increasing the number of cases, or
even more spatial details, by country is a complex
task due to the limited history of pandemic data and
the multidimensional nature of the problem. For
example, there are multiple, sometimes unknown
factors that affect infectivity and the severity of the
disease. To that end, predicting when new data
becomes available in real time is a complex task for
both regulators and supply chain managers.

In this context, the rapid deployment of a vaccine and
the implementation of a global immunization
campaign is crucial to combat the pandemic. Since
the beginning of the pandemic, pharmaceutical
companies have focused on developing a vaccine to
contain COVID19 in record time [5], [6]. While
some COVID19 vaccines are in the final stages of
testing, mass immunization preparation and planning
becomes extremely important. However, different
aspects are likely to influence the success of the
COVID19 vaccination program. In our opinion, the
blockchain can provide the technological means to
address them.

The first side is that the handiness of associate degree
operational and clear end-to-end provide chain and
supplying systems [7], [8]. Its role is to assure
vaccinum storage and stock management, and

rigorous temperature management within the cold
chain [5]. Table one shows the storage and
distribution necessities of the foremost seemingly
vaccine candidates.

Blockchain  will increase the potency and
transparency of COVID-19 vaccinum distribution
reassuring the traceability and therefore the rigorous
audit of the storage and delivery conditions.
Blockchain-based solutions might give a totally
machine-driven implementation of {information}
responsibleness and place of origin trailing in vaccine
distribution. During this way, it'll modify the
combination of various information silos owned and
managed by differing kinds of stakeholders on the
complete distribution chain. Self-enforcing sensible
contracts may assure the traceability of the COVID-
19 vaccine offer chain. This is often vital within the
cold a part of the chain, wherever the vaccine has to
be unbroken at extraordinarily low temperatures to
remain viable. A breach in guaranteeing the delivery
conditions are going to be registered on the
blockchain during a} tamper-proof manner. All
network peers will be created aware thanks to the
distributed ledger block distribution and replication
features. Finally, the blockchain will act as proof of
the delivery chain, creating it very troublesome to
counterfeit the vaccinum. At any point, the medical
units and therefore the vaccine beneficiaries would
cab trace it duplicate to the businesses that have
registered the vaccine tons in circulation.

The second facet is that the transparency and
correctness within the registration and management
of the roster of individuals for immunization. the info
on this list isn't solely sensitive however at an
equivalent time, it needs correctness, rejection of
impersonation, privacy, and immutability. These
properties may be provided by exploitation
blockchain technology. Blockchain will amendment
however the waiting list is managed by permitting
parties reciprocally unknown to interact the
immunizing agent as a digital quality firmly while
not a central trusty intermediary. Such a localised
system can take away the need of getting third
parties’ entities that alter and manage the waiting list.
The unchangeability of transactions and therefore the
authorization provided by exploitation smart
contracts permit all network peers to limit access to
their private information. All actions dead by a wise
contract is also propagated across the network and
recorded on the blockchain, and thus are publically
visible. Transactional privacy, further because the
privacy of private knowledge, may be assured using
novel solutions adore the incorporation of zero-
knowledge proofs that are cryptographical
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techniques that may enforce privacy for
substantiative private data while not revealing it in its
kind [12].
Finally, the third side is building trust within the
immunogen effectiveness by implementing a clear
and public coverage system of potential facet effects.
It includes the automated tracing keep a copy vaccine
heap level and mapping of rumored side effects.
Issues are raised that totally different drug
manufacturers don't report properly and fully the side
effects to relevant authorities [14], [15]. Thus, a
transparent and reliable system to report the side
effects once a drug/vaccine is free is crucial. During
this sense, a blockchain platform would bring
benefits regarding the present state of the art
solutions. Any beneficiary that has received a
immunogen, will report associate degreey
problems/symptoms  encountered  once  the
administration mistreatment blockchain. A dealings
are hold on associating the vaccine heap and can be
replicated within the network. All alternative peers
will be created aware and therefore the report may
well be valid using the peers’ agreement regarding
vaccine lot. Furthermore, being stored in an
immutable log, all the rumored facet effects are
protected against tampering.
Analyzing the present country of the artwork
literature reviewed in Section Il one might also
additionally see that there are numerous packages of
blockchain which might be investigated along with
touch tracing, immunity passport, and COVID-19
diagnosis. Even aleven though blocking off
generation has a few applicable functions in
addressing all of the 3 important factors for enforcing
a a success immunization campaign, only a few
processes may be determined withinside the
literature. Moreover, maximum of the blockchain
answers proposed to control the COVID-19 vaccine
deliver chain are withinside the early section of
layout studies, or are viewpoints from blockchain
businesses or stakeholders.
This paper we introduce a blockchain-primarily
based totally machine for the obvious tracing of
COVID-19 wvaccine registration, garage and
transport, and aspect consequences self-reporting.
Leveraging on blockchain generation functions it
describes the improvement of the subsequent novel
mechanisms:
¢ A blockchain-primarily based totally answer for
information immutability, transparency, and
correctness of beneficiary registration for
vaccination to keep away from the trouble of
identification thefts and impersonations.

e A decentralized clever contracts-primarily based
totally answer for tracking the right vaccine
transportation situations in a chilly chain and real-
time attention of all friends approximately the
achievement of COVID-19 vaccine transport and
garage situations.

e Smart contracts-primarily based totally answer
for vaccine management and tamper-evidence
self-reporting of aspect consequences, man or
woman identification, and vaccine association.

The rest of the paper is organized as follows: Section
Il describes the relevant connected add the realm of
knowledge and Communication Technology (ICT)
and blockchain solutions for managing immunisation
campaigns; Section |1l presents the ways and
procedures for the planned blockchain system for
safe vaccinum distribution and Section IV presents a
test suit for COVID-19 vaccine distribution
following and system measurability results. Finally,
Section V presents conclusions and future work.

Il Related Works

ICT solutions for supporting protection campaigns
are projected within the state of the art principally for
best distribution designing of vaccines [6]-[7][8]. In
[9] a drive-through vaccination simulation tool is
proposed for planning ANd practicableness
assessment of such facilities supported event process
and agent-based modeling to attenuate waiting times,
employees required, immunization intervals, and so
forth vaccinum distribution for heterogeneous
population has been approached by exploitation
mathematical modelling using equity constraint to
keep up fairness and to optimize the amount of
vaccine doses just in case of an contagion irruption
[7], [8]. numerous heuristics and custom optimisation
algorithms are proposed for optimizing the
distribution network style [1]-[2].

Recent improvements of cutting-edge technology
consisting of Internet of Things (10T), system getting
to know and blockchain pave the manner for
constructing extra clever and revolutionary structures
that may be tailored to specific domain names as it's
far the case of the healthcare domain [2]. The authors
of [4] recommend the usage of 10T gadgets to reveal
the area of the carrier, temperature and humidity with
the purpose of optimizing and growing vaccine
insurance withinside the far flung areas and making
sure transparency withinside the average process.
Blockchain primarily based totally decentralized
structures for addressing healthcare quarter issues
consisting of privateness and confidentiality of facts
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are supplied in [5], [6]. Recent research have pointed
the opportunities of the usage of blockchain in
preventing the COVID-19 pandemic maximum of
them addressing the decentralized monitoring of
contracts and signs or for assuring safety and
immutability [7]. Relevant use instances for
blockchain era in dealing with COVID-19 pandemic
touch tracing, affected person facts sharing, deliver
chain control are overviewed in [8]. Other research
have proven that blockchain may be used to broaden
trustful predictive structures that could assist
containing the pandemic dangers on countrywide
territory [9] or to safely song the moves of citizens in
quarantine  eventualities the wusage of loT
infrastructures [3]. Incentive primarily based totally
procedures were proposed to struggle in opposition
to the COVID-19 pandemic that use blockchain to
save you statistics tampering and incentives for
profitable sufferers to stay in quarantine [1].
Blockchain has been planned as an answer for
organization and management of business supply
chains [2]. For pharmaceutical supply chain
wherever temperature watching or counterfeit drug
bar are of utmost importance, loT and blockchain
frameworks might provide a viable solution [3]. In
[4] a blockchain drug supply chain management is
combined with a machine learning suggestation
system. the provision chain management system is
deployed victimization Hyperledger materials to
ceaselessly monitor and track the drug delivery
method whereas N-gram, LightGBM models are
accustomed recommend the most effective medicines
to the customers. In [5] Gcoin blockchain is proposed
for the information flow of drugs to make clear drug
dealing knowledge wherever each unit that's
concerned within the drug provide chain will
participate in the same time to stop counterfeit of
medicine.

Few strategies withinside the literature are
addressing the improvement of blockchain primarily
based totally structures for distribution of vaccines.
Authors of [6] endorse a blockchain control machine
for the supervision of vaccine deliver chains via
clever contracts additionally coping with vaccine
expiration and fraud recording. Machine studying
fashions are used for guidelines to select higher
immunization strategies and vaccines. A blockchain
version for the COVID-19 vaccine distribution chain
is proposed in [7]. The technique proposes tracking
every section from improvement to application,
thinking about the rising and business chains even as
leveraging on blockchain for authenticating every
manner and registering changes. Similarly, in [8]
green deliver chain control via clever packing

containers with 10T sensors is proposed and used to
manage shipment, payments, legitimize receiver, etc.
VeChain [9] is growing a blockchain-primarily based
totally platform for vaccine manufacturing and
tracing in China the use of loT gadgets to seize
vaccine manufacturing information and shop it an
company blockchain to make sure immutability.
Finally, blockchain can assist to tune the vaccines
and ensure they have not been compromised or
maybe to hold tune of patients’ vaccine data and offer
evidence of vaccination particularly due to the fact
COVID-19 would require vaccine doses.

1l Forecasting

Therefore, during a pandemic, predictions are
essential for effective government decision-making,
supply chain resource management, and notification
of very difficult policy decisions such as curfew and
curfew. Increase. Predicting the occurrence of a
pandemic, i. H. Increasing the number of cases, or
even more spatial details, by country is a complex
task due to the limited history of pandemic data and
the multidimensional nature of the problem. For
example, there are multiple, sometimes unknown
factors that affect infectivity and the severity of the
disease. To that end, predicting when new data
becomes available in real time is a complex task for
both regulators and supply chain managers.
Performing a comprehensive evaluation of several
time series methods for predicting epidemic
development using data from CDC8 , comparing
random methods with 16 univariate time series
methods, univariate methods We found it to be better
predictive than the causal model. For COVID-19,
they applied the model to predict the evolution of
case numbers worldwide. They reported very
successful results in terms of true accuracy for both
the point prediction and the prediction interval
provided. This is PLOS ONE's open access article,
which has already received considerable attention
with 70852 views by May 29, 2020, but since it was
only available online for two months, this in science
and practice. It shows the interest and importance of
such quantitative research. Finally, there have been
many studies focused on predicting deaths in US and
European countries over the months following the
first wave of the COVID-19 pandemic.

In addition, during the COVID-19 pandemic,
researchers and software companies used simulation
models to integrate government decisions (such as
blockades) and make them available online through
open access websites and portals, is rapidly
developing a live simulator. Supply chain disruptions
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are known to pose significant challenges and can
impact organizational performance. Famous events
such as the 2011 Japan tsunami and the 2008
financial crisis show that the interconnected global
nature of supply chains can be amplified even with
minimal “chaos." As a result, several studies have
been conducted that attempt to explain the history of
resilient supply chains at both the network and
organizational levels.

Supply chain disruptions are known to pose
significant challenges and can impact organizational
performance. Famous events such as the 2011 Japan
tsunami and the 2008 financial crisis show that the
interconnected global nature of supply chains can be
amplified even with minimal "chaos." As a result,
several studies have been conducted that attempt to
explain the history of resilient supply chains at both
the network and organizational levels.

As aresult, COVID-19 is claimed to be perhaps the
most serious global supply chain disruption in the last
decade. Examining pandemics and related supply
chain risks, lvanov (2020) provided a simulation
model of global supply chain disruption and
predicted the severity of COVID-19's impact on
supply chain performance. Similarly, he predicted
that COVID-19 would expose hospitals, intensive
care units and ventilators to unprecedented burdens
and aggregate demand would exceed the capabilities
of current medical systems. In a follow-up study, she
predicted the impact of COVID-19 on hospitals and
deaths in Europe and the United States and suggested
measures to temporarily increase the supply of
critical products and services. Therefore, a decision
support system for calculating medical demand
based on doctor's knowledge and fuzzy reasoning
system & # 40; FIS & # 41; was presented.
management. They argued that by using their
suggestions, supply chain disruptions in the event of
an outbreak can be managed efficiently and
accurately.

COVID-19 puts an unprecedented and significant
burden on the global supply chain for most product
categories. Earlier literature on forecasting and
supply chain disruptions could provide some clues as
to the factors that could lead to this. At the same time,
however, some challenges have emerged associated
with identifying and responding to significant
changes in demand patterns during a pandemic.
However, the ability to anticipate overdemand early
in the pandemic can have a significant impact on both
supply chain managers and policy makers. The
former can benefit from early warning of where
resources are needed, and the latter can benefit from
a data-driven approach to government intervention.

IV Blockchain and Smart Contracts

Blockchain offers the technological infrastructure for
growing decentralized applications. It capabilities a
related listing of blocks chained the use of hash
pointers, every block storing transactions for an asset
that can be digitized. Thus, at its core, blockchain
generation is predicated on hash-primarily based
totally facts systems that offer advantages like
collision-free, facts binding, and facts concealing. As
a result, the transactions are saved in tamper-
obtrusive facts systems, growing a log of nation
transitions  supplying facts provenance and
traceability capabilities. The nation transitions can
refer both to a coin transaction like in Bitcoin, to
clever contracts nation updates including Ethereum,
or to a belongings as in DigiShares, etc.

Mining algorithms seal the log of transactions with
the aid of using the settlement of all community
members, making it immutable. The immutability of
the systems mixed with the safety provided with the
aid of using uneven cryptography makes blockchain
a effective generation in constructing secure and
dependable decentralized systems. Anyway, the
assaults of malicious members want to be addressed.
They are turning into a member of the community to
disrupt the correctness and integrity of the validation
system or to form forks withinside the linear form of
the chain. This is prevented in blockchain because of
the complexity of the mining (e.g., Proof-of-Work set
of rules [57]) or different kind consensus algorithms
requiring the settlement of over 50% of community
members. The maximum used consensus algorithms
withinside the blockchain networks are the Proof
Protocols. Proof of Work (POW) is the consensus set
of rules utilized by of the maximum regarded public
blockchains, Bitcoin and Ethereum. It calls for for a
block to be taken into consideration valid, to
comprise the answer of a computationally extensive
puzzle. In the mining system, the player node that
manages to remedy the puzzle will append the block
with the maximum latest transactions to the chain.
Thus, a malicious player can not have an impact on
the validation selections of the opposite nodes, if it
does now no longer personal maximum of the mining
strength withinside the community. The quantity of
computing strength wanted for a a success assault
will retain to growth with the wide variety of trustful
nodes withinside the community for this reason
turning into unlikely.

The introduction of sensible contracts, as stateful
items of code dead by all network participants
modified however the applications are implemented.
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sensible contracts will programmatically impose
business rules relating to the transfer of assets. a
brand new development paradigm has emerged for
suburbanized applications that are ruled by a similar
options because the transactions of cryptocurrency.
The smart contracts code, once written, is changeless
and subject to the accord formula equivalent to the
waterproofing of transactions. This facilitates the
implementation of decentralized applications within
which the business logic might currently be written
in smart contracts victimization totally different
Turing Complete programming languages and are
deployed on blockchain networks giving extremely
secured solution.

Finally, the QR codes are 2nd matrix barcodes that
may store a great deal of data concerning the physical
plus with that they're associated. they'll be processed
by all common smartphones, creating them a
convenient to assure the link to digital assets and
systems. Recently QR codes are adopted and
integrated ~ with  blockchain  solutions  for
suburbanised chase of assorted assets. that includes
automatic generation and scanning, they increase the
processes dependableness particularly on the human
interaction part. Also, within the COVID nineteen
pandemic QR codes became the most technique
touchless interaction especially in hospitals.
Considering the state of the art rumored in earlier
section and also the bestowed technological
background and advantages, we have a tendency to
propose a blockchain system that manages the
distribution and administration of COVID-19
immunogens. In our case, the most thought of digital
plus is that the vaccine. Transactions describing the
interactions of varied actors with the system and the
progression of vaccines through the provision chain
from creation till administration are registered on the
blockchain. sensible contracts implement the vaccine
distribution administration rules being replicated in
every node of the network permitting dealings
validation.

Transactions are collective in a very block that is
replicated within the network permitting every node
to validate the state transitions. The planned modified
state is accepted and inserted in the chain providing
its validation is successful, otherwise, the block is
dropped. every group action is caterpillar-tracked and
valid by each node locally, before nemine
contradicente acceptive it into the history. during this
way, we provide a replicated and extremely reliable
resolution as a result of each node can validate the
immunizing agent and beneficiary registration,
vaccine distribution and administration, and so forth

Moreover, to automatize the combination with the
physical world, QR codes are integrated with the
blockchain system. In our case, a QR code provides
info concerning the immunizing agent registration, a
thirty four character hash representing the good
contract address, the registration proof, a hash of
alphamerical characters characteristic a group action
that has been mined within the blockchain, the
vaccine ton id, and so forth Furthermore, since all this
information is unchangeably hold on in the
blockchain system, the associated QR code once
generated remains valid.

Finally, our system works on a public blockchain like
setting up a public chain of Ethereum. In order to
carry out a successful attack, the malicious nodes
must have more than 50% of the processing power of
the miners on the Ethereum network, which is
extremely unlikely.

V Methods and Procedures

From simple to complex, from time series and
epidemiology to machine and deep learning, we used
a series of 52 models. We forecast growth rates at
various stages of each country's pandemic. In total,
we predict 46 times for daily data and 6 times for
weekly data. We identified the three best methods for
each country showing small mean absolute scale
error (MASE) and used an evenly weighted
combination of these methods in subsequent
simulations in Section 4. We used a simple average
of the predictions because it is a simple and effective
way to combine the predictions. MASE was used as
the primary precision metric because it is scale
independent and is a widely accepted metric for
predicting evaluation.

Table 1 shows a list of conflicting models. For more
information on these common methods, interested
readers can read the article on the latest prediction
competition (M4 competition-Makridakis et al.,
2020) or the free online prediction textbook by
Hyndman and Athanassopoulos.
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Table 1 Forecasting methods.

Category Method

Time-seties | Naive, Moving Averages (four models 2,3.4.7), SES, ETS, ARIMA, Theta, TBATS,
ANN AR, G&M (1985)-Damped trend (Gardner & MeKenzie. 1985), Holt - Trend,
1is-HW (non-seasonal Holt-Winters), ARFIMA, GARCH(1,1) (s1x models, wih: GED,
SGED, NORM, SNORM, STD, SSTD), ARIMAx, Naive-d with drift (fen models with
step of 0.1 for the drift)

Machite Multiple linear regression (MLR), Ridge regression, Decision Trees (DT), Random
Learning forest (RF), Neural Nefwork (NN), Support vector machine (SVM).

Deep Leaming | Long-Short Term Memory nefworks (LSTM)

Others Splines, Sigmotd, Partial Curve Nearest Neighbor methods (PC—NN), Multivariate
Clustering based Partial Curve Nearest Neighbor methods (CPC—NN)
Epidemiological | STR (two models with: beta=1.16, gamma =038 beta =14, camma=03)

New Prediction Proposal: Closest Neighboring
Approach to Predict Pandemic Progress The new
proposal is data-driven and designed to use historical
data from multiple countries to create better forecasts
for the target country. | am. This is a classic
adaptation of the nearest neighbor approach (Héardle,

1990; Kyriazi & Thomasos, 2020). This was called

the Partial Curve Nearest Neighbor Prediction (PC-

NN) because we tried to find similarities between

parts of the curve (as shown in Figure 1, we predicted

from the start of a pandemic time series in a country.

Until the day when is done). .. This method involves

the following steps:

I.  Collect T-day data on daily case growth for sets
of I.N countries. The data vector of N countries
can be expressed as [Y1; Y2;...; YN].

Il.  Apply a smooth curve to each data series in each
country individually [Y'l; Y'2;...; Y'N]. This is
done by choosing the best (optimized least
squares distance) from a pool of moving
averages such as 2-MA, 3-MA, 4-MA, 5-MA.

I1l. Calculate the diurnal cycle of the smooth curve
of each country (fitting to Step II) [AY'l;
AY'"2;...; AYN].

IV. Comparison of the diurnal curve of country (A)
with the diurnal curve of other countries. To do
this in an easy and effective way, we normalize
the data and calculate the Euclidean distance
between the curves as the square root of the sum
of the squares of the differences between the
curves of the selected country (such as India)
and the curves of other countries. Did. The
nearest neighbor was selected based on the value

of (rij).
N N Distance Forumulation:
For a country(A),
[ L ‘2
N N [ras, Az, - oy Tanls Tan L (Y;‘ Y,’“r)

\fl

1,2, ..., T, and A 4 B.

V. Define a group using the country's r1j value (A):
PC-NN1, PC-NN3, PC-NN5, PC-NN-all.

VI. Finally, using the PC-NN groups identified in
step V of country A and the naive predictions of
(N+ 1) th period of these countries, the (N + 1)
th period of country A. The forecast is a simple
average of all naive forecasts made by PC-NN.
For PC-NN3, you can use equal weights for the
three neighbors. This means that the nearest
neighbors are weighted by 50% and the other
two are weighted by 25%. For future research,
we recommend that you use the closest actual
value in your neighbourhood, rather than a
simple prediction.

Number of Covid Patients in Different Countries

111 111 111 111 111 111

10 A N Confirmed
BN Recovered

I Death

0.8

0.6

Scores

0.4 A

0.2

0.0 -

LR DT RF SVM XGB NN

The traditional COVID-19 immunogen theme is
taken into account fragile principally because of the
challenges obligatory by the vaccine distribution,
tracking, and registration. many problems got to be
rigorously monitored and audited: vaccine injury due
to its transport conditions; lack of coordination for
distribution and registration; shortage of personnel;
restricted capability. during this distribution scheme,
the containers should move across the planet whereas
0T devices and sensors need to keep track of their
temperature and site and this knowledge ought to be
hold on and valid for reassuring that vaccines don't
seem to be corrupt. The vaccine producers need to
prepare variant vaccines and provide the associated
knowledge for his or her truthful and credulous
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distribution. The medical centers will receive the
immunogens and can got to create sound coming up
with for their administration. Also, they'll need to
realize solutions to avoid impersonations. The
beneficiary should have safe and secure access to the
vaccine and have the chance to report facet effects in
an exceedingly trustful manner. of these processes
presently involve human intervention and manual
activities that can't assure a high level of security and
privacy and eventually will light-emitting diode to
delays and prolong the pandemic.

To modify and change the normal scheme, we have a
tendency to propose a blockchain system that permits
for clear COVID-19 immunogen tracking,
distribution monitoring, and administration (see Fig.
1). It uses the distributed ledger for storing vaccine
information reassuring data immutability. It provides
reliable information concerning the vaccines safe
transportation to the beneficiaries, and for the
identification different the of main actors concerned
within the vaccination scheme.

Doctor Vaccine Producer
Medical Centre
Beneficiary ﬂ @
‘ l ! l :
x x Prepare/vaccine Validate beneficiaries
batches for and administrate Prepare and registe
adminigtration vaccine
vaccine batthes fo
% 14 delivety
A A
A e sne |
4 e !
(] BLOCKCHAIN -
[sess |
={_ ] =
ks
Register for 4 Continuously monitor
vaccination and vaccine delivery and
report side effects rz.. transportation Qgéﬂ
1 . @U Vaccine Distribution
) Vaccine Storage
Beneficiary

and Manipulation

Figure 1. Blockchain and immunization program
management:  vaccine  registration,  tracking,
monitoring, administration, and self-reporting.

The main actors of the standard vaccination theme
will act as peer nodes within the planned blockchain-
based system: i) the beneficiaries that register for
vaccination, ii) the corporate that prepares and
registers the immunogen  batches/lots  for
transportation, iii) the loT device devices that
unendingly monitor the vaccine delivery, storage and
handling; iv) the medical centers that may receive the
vaccine and prepare it for administration and v) the
doctor who validates the beneficiary, delivery and
storage conditions and administers the vaccine. All
the actions are registered into the distributed ledger
as changeless transactions that are keep in blocks that

are replicated to any or all the peer actors within the
chain. This may give high transparency of the
immunogen handling operations sanctionative the
trailing and registration of the COVID-19 vaccine as
a digital asset.

The main features of the system as well as their
implementation using self-enforcing smart contracts
are detailed in the next sub-sections.

A. Immutable Registration of Vaccine
Beneficiaries

Beneficiary registration at the blockchain-primarily
based totally device guarantees the privateness of
identification and avoids impersonations. Before the
registration, the beneficiary generates a secret key
(SK) which will be hold on off-chain and can be later
wont to prove his/her identity. A Merkle Proof [42]
is employed to keep up personal information privacy
and namelessness on-chain, whereas at an equivalent
time sanctioning the beneficiary to prove their
identity while not revealing it. A hash of the SK is
generated for the beneficiary and stored within the
root node at the side of the hash of the private number
(PI) from the identity card. A hashing rule is
employed for mechanically generating the hash of the
Pl and SK.

P_HASH = Hash(Hash(Pl), Hash(SK))

The root of the Merkle Proof (P_HASH) becomes the
payload of a blockchain dealings signed by the
beneficiary and aimed for the immunogen written
record (V_REG) contract deployed on chain,
marking the intent to receive the vaccine.

Once mined, the transaction hash and therefore the
contract address are sent back to the beneficiary. A
QR Code is mechanically generated for the
beneficiary, storing: the transaction hash, the contract
address, the PI, and the hash of the SK. It'll which
will be later shown by the beneficiary to the doctor
for its reliable identification. The QR code uses
standardized encoding and decryption (Reed-
Solomon error correction) for information and can
enable to {simply} identify, verify, and validate the
beneficiary once administering the immunogen by
simply scanning it within the system.

All relevant actors’ registration actions are managed
victimization sensible contract functions. we've used
a map structure to stay track of the registered actors
as a result of it options an appropriate time overhead
to access the resources for verification and
validation. This results in lower execution prices of
the blockchain dealings. The beneficiary will register
the request and intent for receiving the vaccine, and
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also the address sign language the registration
transaction are stored.

During the verification step performed via way of
means of the doctor, the beneficiary will want to
expose the uncooked data. In this way, she/he's going
to show that he/she is the real character who made the
registration request the use of a pseudo-anonymized
blockchain deal with. Upon clever settlement
deployment, the vaccine company deal with is saved
as the only that has signed the deployment
transaction. The features for movement registration
related to different actors which includes Medical
Centers, vaccine producers, or I0T gadgets make sure
that their transactions are signed with corresponding
established addresses.

B. Vaccine Distribution Chain Monitoring

The goal, on this case, is to make obvious the diploma
to which the described situations for vaccine garage
and manipulation are met at some point of the
complete distribution chain. Smart contracts are used
to assess constantly the statistics acquired from
sensors deployed on garage gadgets or connected to
the transportation freezers in opposition to the
described situations rules (see Fig. 2).
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Figure 2. Monitoring the vaccine distribution chain.
First, the vaccine producer company must register a
set of rules for safe distribution and storage of the
vaccine batches (see Fig. 2). The rules are encoded in
smart contracts associated with specific 10T devices
as rules that must be checked each time new data is
provided:

Rulek: MinValue<vkeMonitoredValue(t)<MaxVal
ue,{1..R} and t<TIMELIMIT

The groups withinside the distribution chain or the
clinical facilities can sign in a hard and fast of
freezing gadgets used for vaccine manipulation and
storage. The vaccine masses may be transported and

saved in distinct sorts of gadgets relying at the
vacation spot as much as distance and journey time
(Fig. 4). At the equal time, they will replace the
correlations of the freezing gadgets with vaccine lot.
This is finished with the aid of using mapping the
vaccine batch geared up to be transported to a freezer
ID that has related a hard and fast of policies. All the
institutions and policies are saved withinside the
blockchain allotted ledger making them tough to be
modified.

The 10T gadgets are accountable to signal blockchain
transactions containing the monitored data. The
transactions should include the subsequent payload:
Trpayload= (VLID,Rulek,MonitoredValue (t))tag3

Specifying the vaccine batch identifier VLID, the
cost monitored via way of means of the sensor and
the guideline of thumb Rulek. Once the transaction is
mined, the clever agreement will affirm the
identification of the tool that has signed the
transaction and the monitored cost towards the
guideline of thumb limits described for secure
vaccine handling. After the group action is saved
withinside the blockchain, it triggers the execution of
the clever agreement regulations.The effects of
execution are the validation or invalidation of the
vaccine transportation in secure conditions. Using
transaction time registered at the blockchain, the
guideline of thumb specifying the most time
restriction for transportation and garage is validated.
By storing the monitored values and the regulations
at the blockchain, the immutability and integrity of
the facts are assured. The monitored values cannot be
changed and the selection of annotating the ones
values as corresponding/breaking the issuer-imposed
guidelines are trouble to consensus and mined
withinside the chain in a tamper-resistant manner.
Any actor can also additionally test the registered
logs and agree with that the effects furnished have
been now no longer difficulty to malicious
tampering.

C. Vaccine Administration and Side Effects
Reporting

The most complex operation of channeling is the
actual administration of vaccines. This step must
verify and validate the following conditions for the
operation of the blockchain system: the identity of
the beneficiary to be vaccinated, the delivery and
handling conditions of the vaccine according to the
rules established by the manufacturer, and the
association of the beneficiary with the vaccine to be
vaccinated. . administered, which allows additional
reporting of possible side effects.
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The first step in the process is to verify the identity
of the beneficiary prior to vaccination (see Figure 3).
This is performed by the doctor using the QR code to
register the beneficiary, which contains the
blockchain transaction hash, smart contract address,
personal identification number hash and secret key
hash. Using the hashes extracted from the QR code,
the doctor performs an on-chain identity check for
record recognition. With Merkle Proof, the hash of
the two values is compared to the root stored on the
blockchain during the beneficiary's registration step.
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Figure 3. Vaccine Administration Sequence
Diagram.

Once the beneficiary's identity verification is
complete, the vaccine's QR code is scanned to extract
relevant information from the vaccine stored on the
blockchain, such as: B. the address of the smart
contract that registered it, the batch ID of the vaccine
and the transport conditions.

After the vaccine is administered, the vaccine is
marked on the blockchain with the signatures of the
doctor and the beneficiary using a two-stage locking
mechanism. On the blockchain, the vaccine is
marked as administered with the hash (PI) of the
beneficiary who received the vaccine.

VI Results And Discussion

Early prediction of COVID-19 helps reduce the
significant burden on the healthcare system by
assisting in the diagnosis of COVID-19 patients. In
this task, a decision tree for predicting COVID-19
infection, logistic regression, and a naive, SVM, and
ANN supervised learning classification model used
epidemiological datasets of positive and negative
COVID-19 cases in Mexico. Was developed. The
performance of all models was evaluated using
precision parameters. Performance results of models
are given below.

Performance evalution result
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The model developed with call tree happened to be
the most effective model among all models
developed in terms of accuracy with 94.99% in
comparison with alternative models developed with
supply regression, naive Bayes, SVM and ANN that
have 94.41%, 94.36%, 92.40% and 89.20% acuracy
respectively, whereas for sensitivity which shows the
share of COVID-19 positive patients properly by the
models, SVM emerged to be the best model among
all models with 93.34%, followed by ANN Model
which has 92.40% then call Model which has
89.20%, then logistic regression model which has
86.34% and followed by Naive Beyes Model which
has least with 83.76%. additional so, for specificity
that shows the share of COVID-19 negative patients
properly by the models, Naive Bayes model emerged
to be the most effective model among all models with
94.30%, followed by call tree model which has
93.22% then supply regression model which has
87.34%, then ANN model which has 83.30% and
followed by SVM model which has least of 76.50%.
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40 — - - - -
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280 80 —BR R —
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0 4 . . .

Decision  Logistic Nave Bayes Support  Artificial

Tree  Regression Vector  Neural

Machine  Network
Decision tree version indicated that age function is
the maximum critical function amongst all of the
based capabilities of the dataset together with the
scientific capabilities. The version suggests that
maximum of the humans above the age of forty five
are susceptible to be inflamed with SARS-CoV-2
while in comparison to humans with decrease ages.
Similarly, humans which are laid low with
pneumonia, CKDs, CVDs, diabetes, asthma, weight
problems and high blood pressure much more likely
to be inflamed with COVID-19. Regarding gender,
adult males are extra at risk of COVID-19
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contamination than females, and people who smoke
tobacco are much more likely to be inflamed than
non-tobacco smokers. The version will assist the
medical experts with a analysis of the suspected
COVID-19 patients, and this could complement RT-
PCR COVID-19 checking out thereby lowering the
massive burden on healthcare systems.

The supervised cc models is used as retrospective
analysis techniques or tools to validate COVID-19
infection cases. This study shows however cc
prophetic COVID-19 infection models can be
developed, valid and used because the tools for
speedy identification of COVID-19 infection cases.
The study conjointly shows the necessary roles
taking part in by supervised cc algorithms in
prediction, diagnosis and containment of the
COVID-19 pandemic, which may facilitate scale
back the large burden on restricted attention systems
in most of the nations round the world, particularly
developing nations.

Vaccination reduced the general attack rate to 4.6%
(95% Crl: 4.3% — 5.0%) from 9.0% (95% Crl: 8.4%
— 9.4%) while not vaccination, over three hundred
days. the very best relative reduction (54-62%) was
ascertained among people aged sixty five and older.
Vaccination markedly reduced adverse outcomes,
with  non-ICU  hospitalizations, social  unit
hospitalizations, and deaths decreasing by 63.5%
(95% Crl: 60.3% — 66.7%), 65.6% (95% Crl: 62.2%
— 68.6%), and 69.3% (95% Crl: 65.5% — 73. 1%),
respectively, across identical period.

VIl Conclusion

In this paper we offered a blockchain-primarily based
totally machine for obvious tracing of COVID-19
vaccine registration, garage and shipping and aspect
consequences self-reporting. Blockchain is used to
provide statistics immutability, transparency, and
correctness  of  beneficiary  registration  for
vaccination, fending off identification thefts and
impersonations. The monitoring and tracking of
vaccine distribution in  opposition to the
manufacturer described regulations for secure
manipulation is achieved the use of decentralized
clever contracts. Also, a blockchain answer is
proposed for vaccine management and obvious and
tamper-evidence self-reporting of aspect
consequences, man or woman identification, and
vaccine association.

The effects supplied for an Ethereum primarily based
totally implementation display the feasibility of our
proposed answer in phrases of transaction throughput
and value in phrases of fueloline intake thinking

about as reference situation the immunization
marketing campaign from our country. The proposed
machine manages to correctly cope with all
applicable elements we had recognized for a a hit
tracking marketing campaign: (i) growth the
performance and transparency of COVID-19 vaccine
distribution assuring the traceability and the rigorous
audit of the garage and shipping conditions (ii)
guarantee the transparency and correctness
withinside the registration and control of the ready
listing for immunization and (iii) offer a obvious and
public reporting machine of capacity aspect
consequences.
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