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ABSTRACT

The multidisciplinary subject of quantum computing has recently grown and attracted a lot of
attention from academics and businesses alike because of the novel ways it can handle data, which
opens the door to computational capabilities that were previously impossible to achieve. Quantum
computing has great promise, but how exactly it will change healthcare is still largely unknown. The
potential of quantum computing to transform compute-intensive healthcare tasks like drug discovery,
personalized medicine, DNA sequencing, medical imaging, and operational optimization is the
primary focus of this survey paper, which offers the first comprehensive analysis of quantum
computing’s diverse capabilities in improving healthcare systems. To provide a bird's-eye view of the
quantum computing paradigm for healthcare, we have created taxonomies across various
dimensions based on a thorough literature review. These dimensions include background and
enabling technologies, applications, requirements, architectures, security, open issues, and future
research directions. To better understand the current state of research, identify opportunities and
challenges, and make informed decisions when designing new architectures and applications for
quantum computing in healthcare, our survey aims to assist both new and experienced researchers
in this field.
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Introduction

Recent advancements in computing technology have rendered the processing of large-scale
data feasible. Quantum computing demonstrates the capability to address complex tasks at a
significantly faster rate than classical computers. Healthcare will benefit from quality control
as the volume and diversity of health data increase significantly. During the COVID-19
pandemic, new virus variants emerged, posing challenges for healthcare professionals
engaged in genome sequencing using conventional computing systems. This underscores the
necessity of investigating innovative methods to enhance the speed of healthcare analysis
and monitoring to effectively manage future pandemic scenarios. QC offers an innovative
strategy for enhancing healthcare technologies. Previous research has shown that quantum
computing (QC) can enable new opportunities for complex computations in healthcare.
However, the current literature on QC applications in this field is predominantly
unstructured, and the papers published thus far address only a limited range of disruptive use
cases. This study presents the initial systematic examination of quality control in healthcare.
This document presents an overview of QC, its application in healthcare, and the rationale
for conducting this survey, considering the shortcomings of current surveys and their
contributions.
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Overview of Quantum Computing

Quantum computing is fundamentally based on quantum mechanics, often elucidated
through the principles of superposition, interference, and entanglement. In quantum physics,
a single bit can exist in multiple states simultaneously (i.e., 1 and 0) at a given time. A
quantum computing system utilizes this phenomenon, identifying it as a qubit (quantum bit).
Quantum computing, grounded in quantum physics, possesses the potential to serve as the
foundation for future advanced computing infrastructures, facilitating the real-time
processing of vast quantities of data. Quantum computing has garnered significant attention
from researchers aiming to advance computational capabilities beyond the limitations of
Moore’s law. However, a comprehensive systematic survey is necessary to elucidate the
possibilities, pitfalls, and challenges associated with this field [1-3].

Quantum Computing in Healthcare

Quantum computing is particularly advantageous for various compute-intensive applications
in healthcare, especially within the current highly interconnected Internet of Things (loT)
digital healthcare paradigm, which includes interconnected medical devices, such as medical
sensors, that may be linked to the Internet or the cloud. The significant enhancement in
computational capacity benefits healthcare 10T and facilitates quantum computers in
achieving fundamental breakthroughs in this field. The transition from bits to qubits has the
potential to enhance pharmaceutical research in healthcare. This includes the analysis of
protein folding, the assessment of molecular structure compatibility, the evaluation of
binding interactions between individual biomolecules and their ligands, and the acceleration
of clinical trial processes. Several potential applications are outlined below for illustrative
purposes. A quantum computer enables rapid DNA sequencing, facilitating advancements
in personalized medicine. This facilitates the advancement of novel therapies and
medications via comprehensive modeling. Quantum computers possess the capability to
develop efficient imaging systems, offering clinicians improved fine-grained clarity in real
time. Additionally, it addresses complex optimization problems related to the formulation of
an optimal radiation plan aimed at eradicating cancerous cells while preserving adjacent
healthy tissues. QC facilitates the examination of molecular interactions at the most
fundamental level, thereby advancing drug discovery and medical research. Whole-genome
sequencing is a time-intensive process; however, the utilization of qubits may facilitate the
implementation of whole-genome sequencing and analytics within a constrained timeframe.
Quality control has the potential to transform the healthcare system by facilitating on-
demand computing, enhancing security for medical data, predicting chronic diseases, and
improving the accuracy of drug discoveries [4-8].

Comparison with Related Surveys

This survey represents the inaugural examination of quantum computing, addressing security
and privacy implications, applications and architecture, as well as quantum requirements and
machine learning aspects within the healthcare sector. Several additional surveys address a
subset of these dimensions that warrant examination. Table 1 provides a comparative
analysis of these surveys alongside the current study. The computational limitations of

6l|Page



traditional systems and review superposition and quantum-entanglement-based solutions to
address these challenges. This survey addresses complex quantum mechanics but does not
explore its broader societal implications, resource bottlenecks in IoT and propose a solution
utilizing quantum cryptography. An edge-computing-based security solution for loT is
developed, utilizing management software to address security vulnerabilities. This survey is
limited to domain-specific security challenges.

Achievements and Structure

Presented in a methodical fashion, this overview traces the development of quantum
computing and the technologies that have made it possible. It delves into the fundamental
areas of use, sorts the needs for using it in high-performance healthcare systems, and
emphasises the security implications. To summarise, this survey primarily offers the
following benefits:

1.We provide the first all-encompassing overview of healthcare-related quantum computing
technologies, including their drivers, needs, applications, obstacles, architectures, and
unanswered questions in the field.

2.Here we go over the quantum computing enabling technologies that will be necessary to
launch a quantum healthcare service provider.

3.We took a look at how crucial quantum computing is for healthcare systems and spoke
about the main areas of use for quantum computing.

4.We go over the current literature on quantum computing and its proclivity towards
healthcare system advancements in the future.

5.We go over the essentials of quantum computing systems, including their security
implications, for the effective rollout of healthcare service providing on a massive scale.

6.To ensure the effective deployment of quantum healthcare systems, we go over the present
difficulties, their origins, and potential avenues for further study.

An Introduction to Quantum Computing: Its Background, Development, and Key
Technologies

Here we lay out the quantum computing enabling technologies that will be necessary to put
current guantum computing systems into action. Hardware architecture, the control
processor plane, the quantum data plane, the host processor, the quantum control and
measurement plane, and qubit technologies are the specific domains into which we group
technologies that enable quantum computing [9-13].

Comparison of Classical and Quantum Computing

Figure 1 compares and contrasts traditional computing methods with quantum computing
paradigms, outlining the advantages, disadvantages, and practical applications of each. In a
guantum computer, the fundamental building blocks are called "qubits” and they may
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concurrently represent a single bit as either a "1" or a "0," unlike traditional computers that
use bits.
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Figure 1: A comparison of classical and quantum computing based on four important criteria:
(1) processing units, (2) processing power, (3) appropriateness, and (4) error rates.

Quantum physical systems, which leverage, for example, the orientation of a photon or spin
of an electron, are used to create qubits. We note that quantum computers can come in
various varieties, including one-qubit computers, two-qubit computers, and higher-qubit
guantum computers. Key advancements in quantum computing were made earlier in the year
2000 when the very first 5-qubit quantum computer was invented. Since then, many
important advancements have been made so far, and the best-known quantum computer of
the current era is IBM’s newest quantum-computing chip that contains 433 qubits. However,
the literature suggests that the minimum number of qubits to realize quantum supremacy.
Quantum supremacy is defined as the ability of a programmable quantum device, which is
capable of solving a problem that cannot be solved by classical computers in a feasible
amount of time. The behavior of qubits relates directly to the behavior of a spinning electron
orbiting an atom’s nucleus, which can demonstrate three key quantum properties: quantum
superposition, quantum entanglement, and quantum interference.

* The concept of quantum superposition describes the fact that the position of a spinning
electron cannot be precisely localised at any given instant. Instead, it is computed as a
probability distribution where the electron can exist at all locations at all times with different
probabilities. Quantum computers use a group of qubits for calculations based on quantum
superposition. Unlike classical computer bits, which can only take on the states 0 and 1,
qubits can be either 0 or 1, or a linear combination of both. These combinations are called
superposition states. Since a qubit can exist in two states, the computing capacity of a qubit
quantum computer grows exponentially [14-19].
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* Quantum entanglement takes place in a highly intertwined pair of systems, such that
knowledge of anyone immediately provides information about the other, regardless of the
distance between them. This nonintuitive fact was described by Einstein as “spooky action
at a distance”, because it went against the rule that information could never be communicated
beyond light speed. Quantum entanglement in physics is when two systems such as photons
or electrons are so highly interlinked that obtaining information about one’s state (for
example, the direction of one electron’s upward spin) would provide instantaneous
information about the other’s state, such as, for example, the direction of the second
electron’s downward spin, no matter how far apart they are. Modifying one entangled qubit’s
state therefore immediately perturbs the paired qubit’s state in quantum computers. Thereby,
entanglement leads to the increased computational efficiency of quantum computers. Since
processing one qubit provides knowledge about many qubits, doubling the number of qubits
does not necessarily increase the number of entangled qubits. Quantum entanglement is
therefore necessary for the exponentially faster performance of a quantum algorithm as
compared with its classical counterpart.

Subatomic particles exhibit wavelike in quantum computing, interference is used to affect
probability amplitudes when measuring the energy level of qubits; in particular, when two
in-phase waves, that is, when they peak at the same time, constructively interfere, the
resulting wave is twice as high; when two out-of-phase waves, on the other hand, peak at
opposite times, destructively interfere, and the resulting wave is completely flat; and all other
phase differences will have results somewhere in between, with either a higher peak for
constructive interference or a lower peak for destructive interference.

Quantum computing is being used in many fields, including communication, image
processing, information theory, electronics, cryptography, etc. As quantum computers
become more widely available, practical quantum algorithms are being developed. Quantum
computing has the potential to revolutionise several industries, including transportation,
financial modelling, weather precision, physics, and many more. In addition, there have been
recent efforts to imagine

Quantum Technology

There are various qubit systems, such as photon, solid-state spins, trapped-ion, and
superconducting qubits; the two most promising platforms for quantum computing, trapped-
ion and superconducting qubits, are described in the following subsections; and Shor's
algorithm opened the gate to possibilities for designing adequate systems that could
implement quantum logic operations.

lon Qubits That Are Trapped

"The first quantum logic gate was developed in 1995 by utilising trapped atomic ions™ that
were developed using a theoretical framework proposed in the same year. Since then,
technical advances in qubit control have led to fully functional processors of quantum
algorithms. The small-scale demonstration shows promising results, but trapped ions remain
a considerable challenge. Unlike Very Large Circuits Integration (VLSI), developing a
trapped-ion-based quantum computer requires the integrate an ion and a mechanism to trap
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it into a desired position make up the data plane, while various lasers on the measurement
and control plane carry out various operations, such as influencing the quantum state of a
specific ion by means of a precise laser source, measuring the ions, and detecting their states
through photon detectors.

Qubits with Superconductivity

On the one hand, superconducting qubits are similar to modern silicon-based circuits in that
they exhibit quantified electronic-charge states at room temperature; on the other hand, they
are efficient quantum computers thanks to their nanosecond time scale operation, continuous
improvement in coherence times, and ability to use lithographic scaling. As these features
converge, superconducting qubits are being considered for quantum computation and
guantum annealing.

Conclusions and Summary of Lessons Learnt

We present the enabling technologies of quantum computing, which include the following:
the error rates of the single- and two-qubit gates, the qubit coherence times, the interqubit
connection, and the qubits within a single module. We also explain that the speed of the
guantum computer is constrained by the exact control signals needed to execute quantum
operations, and that the control processor plane and host computer run a conventional
operating system with libraries that supply software development tools and services. It
implements the software development tools necessary for the control process, which differ
from the software running on today's conventional computers. These systems offer the
networking and storage capabilities that a quantum application might need during execution.
Therefore, by connecting a quantum process to a traditional computer, it can take advantage
of all its features without having to start from scratch.

How Quantum Computing Is Changing the Face of Medicine

Recent research shows that quantum computing has a clear advantage over classical
computing systems. Quantum computing provides an incremental speedup of disease
diagnosis and treatment and, in some use cases, can drastically reduce the computation times
from years to minutes [33,49]. It provokes innovative ways of realizing a higher level of
skills for certain tasks, new architectures, and strategies. Therefore, quantum computing has
an immense potential to be employed for a wide variety of use cases in the health sector in
general and for healthcare service providers in particular, especially in the areas of
accelerated diagnoses, personalized medicine, and price optimization. A literature survey
shows that there is a visible increase in the use of classical modeling and quantum-based
approaches, primarily due to the improvement in access to worldwide health-relevant data
sources and availability.

Modelling at the Molecular Level

In contrast to classical computing, which relies on integrated circuits to determine processing
speed, quantum computers handle data in a fundamentally novel way using quantum bits
[50]. Unlike traditional computers, which store information in binary digits, quantum
computers utilise quantum entanglement, which opens the door for quantum algorithms that

65| Page



counter classical computing, which isn't designed to take advantage of this phenomenon.
Quantum computers can use machine learning (ML), optimisation (Al), and complex
simulations in the healthcare industry.

We state that the use case is well-suited to systems based on quantum computing because
healthcare commonly involves complicated correlations and well-connected structures of
molecules with interacting electrons, the computational requirements for simulations and
other operations in this domain naturally grow exponentially with the problem size, and time
is always the limiting factor.

Medical Accuracy

The domain of precision medicine focuses on providing prevention and treatment
methodologies for individuals’ healthcare needs. Due to the complexity of the human
biological system, personalized medicine will be required in the future that will go beyond
standard medical treatments. Classical ML has shown effectiveness in predicting the risk of
future diseases using EHRs. However, there are still limitations in using classical ML
approaches due to quality and noise, feature size, and the complexity of relations among
features. This provokes the idea of using quantum-enhanced ML, which could facilitate more
accurate and granular early disease discovery. Healthcare workers may then use tools to
discover the impact of risks on individuals in given condition changes by continual virtual
diagnosis based on continuous data streams. Drug sensitivity is an ongoing research topic at
a cellular level considering genomes features of cancer cells. Ongoing research is
discovering the chemical properties of drug models that could be used for predicting cancer
efficiency at a granular level. Quantum-enhanced ML could expedite breakthroughs in the
healthcare domain, mainly by enabling drug inference models.

The goal of precision medicine is to identify and explain relationships among causes and
treatments, as well as to predict the next course of action at an individual level. Traditional
patient-reported symptom-based diagnoses tend to result in umbrella diagnoses, where
related treatments sometimes fail. Quantum computing has the potential to use continuous
data streams with personalised interventions to predict diseases and allow relevant
treatments. Quantum-enhanced predictive medicine optimises and personalises healthcare
services through continuous care. Lastly, quantum-enhanced modelling could support
patient adherence and engagement at individual-level treatments.

Help with Diagnosis

The potential benefits of early disease diagnosis include improved prognosis and treatment
outcomes and reduced healthcare costs. For example, research has demonstrated that
treatment costs can be reduced by a factor of 4, and the survival rate can be reduced "by a
factor of 9 when the colon cancer is diagnosed at an early stage". However, current diagnostic
and treatment methods are expensive and inefficient, with diagnostic errors ranging from 15-
20%. X-rays, CT scans, and MRIs have become increasingly important in recent years due
to the rapid development of computer-aided diagnostics, but in this context, diagnoses and
treatments are plagued by noise, data quality, and replicability issues. Here, quantum-
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assisted diagnosis has the potential to pictures and supervise the processing stages, such
medical image edge recognition, that enhance image-aided diagnosis.

The current techniques use single-cell methods for diagnosis, while analytical methods are
needed in single-cell sequencing data and flow cytometry. These techniques further require
advanced data analytic methods, particularly combining datasets from different techniques.
In this context, cell classification on the basis of biochemical and physical attributes is
regarded as one of the main challenges. While this classification is vital for critical
diagnoses, such as cancerous cell integration from healthy cells, it requires an ex- tended
feature space where the predictor variable becomes considerably larger. Quantum ML
techniques, such as quantum vector machines (QVM), enable such classifications and enable
single-cell diagnostic methods. The discovery and characterization of biomarkers pave the
way for the study of intricate omics datasets, such as metabolomics, transcrip- tomics,
proteomics, and genomics. These processes could lead to increased feature space, provoking
complex patterns and correlations that are nearly impossible to be analyzed using classical
computational methodologies.

Quantum computing has the potential to enhance diagnostic insights, which in turn could
eliminate the need for repeated diagnosis and treatment. This paradigm also aids in providing
continuous monitoring and analysis of individuals' health, as well as in conducting meta-
analyses for cell-level diagnosis to determine the optimal procedure at any given time.
Ultimately, this could lead to cost reduction and extended data-driven diagnosis, which
would benefit both medical practitioners and individuals.

Radiation

Radiation therapy has been used to treat cancer; it uses radiation beams to kill cancer cells
and prevent them from regrowing. But radiotherapy is a delicate process that needs
incredibly accurate calculations to target the cancer cells while avoiding healthy cells nearby.
Radiography, which is done with extremely accurate computers, involves an extremely
accurate optimisation problem to carry out the precise radiography operation, which in turn
requires multiple complex simulations to find the best solution. With quantum computing, it
is possible to run simultaneous simulations and figure out a plan at the optimal time, and the
spectrum of opportunities is very broad if quantum concepts are used for simulation

Research & Discovery of New Drugs

Medical researchers rely on quantum computing to model atomic-level molecular
interactions. This is especially important for diagnosis, treatment, drug discovery, and
analytics. Recent advances in qguantum computing have made it possible to encode thousands
of proteins and simulate their drug interactions. When compared to conventional computing
capabilities, quantum computing processes this information orders of magnitude faster. With
guantum computing, doctors can compare large datasets and their permutations to find the
best patterns. Gold nanoparticles can detect disease-specific biomarkers in blood

Pharmaceutical companies are primarily involved in the identification of small molecules,
macromolecules, and other molecular formations that have the potential to become drugs
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that treat or cure diseases. While many important drugs have been discovered through
scientific luck in the past—for instance, penicillin, chloral hydrate, LSD, and the smallpox
vaccine—chemists cannot rely solely on luck to tackle modern-day challenges like climate
change and the COVID-19 virus. To model the energies dissipated in chemical reactions
accurately, modern-day drug discovery relies on accurate calculations. However, classical
computers heavily rely on approximations for this task, as even calculating the quantum
behaviour of a couple of electrons requires very time-consuming computation, reducing the
precision and on the other hand, in the lab, quantum computers are already accurately
modelling the properties of small molecules like lithium hydride, and they have been
demonstrated to help with quantum chemistry calculations that need an explicit
representation of the wave function due to high system entanglement and high accuracy in
simulating properties. Lastly, scientists have created various quantum algorithms for
chemistry, including ones that estimate the ground-state energies of molecular Hamiltonians
and ones that calculate molecular reaction rates better than their classical computing
equivalents.

Quantum chemistry can accurately model noise-exhibiting circuitry. Using a maximum of
16 qubits on Google's 53-qubit quantum computer, they ran a Monte Carlo simulation for
electron-containing fermion models in physics. The models included solid diamond,
molecular nitrogen, and H4 molecules with up to 120 electron orbitals.

Evaluation of Potential Costs (Diagnosis Pricing)

Creating pricing strategies is considered one of the key challenges that contribute to the
complexities of the healthcare ecosystem. In pricing analysis, quantum com- puting helps in
risk analysis by predicting the current health of patients and predicting whether the patient
is prone to a particular disease. This is useful for optimizing insurance premiums and pricing.
A population-level analysis of disease risks, and mapping that to the quantum-based risk
models, could help in computing financial risks and pricing models at a finer level. One of
the key areas which could support pricing decisions is the detection of fraud; healthcare
frauds cost billions of dollars in revenue. In this regard, traditional data mining techniques
offer insights into detecting and reducing healthcare fraud. Quantum computing could
provide higher classification and pattern detection performance, thus uncovering malicious
behavior attempting fraudulent medical claims. This could in turn help in better management
of pricing models and lowering the costs associated with frauds. Quantum computing can
substantially accelerate pricing computations as well, resulting in not only lowering the
premiums but also in developing customized plans.

Summary and Insights from Lessons Learnt

There is a need to invest in quantum computing for better healthcare service provisioning,
automate vaccine research more efficiently, and allocate distributed quantum computing,
where a quantum supercomputer distributes its resources using the cloud. Quantum
computing could help with DNA sequencing, which currently takes 2-3 months using
classical computing, and with cardiomyopathy analysis for DNA variants. However, using
novel quantum techniques broadly could pose security challenges.
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Quantum Computing Needs in the Medical Field

While quantum-enhanced computing has the potential to reduce processing time in a number
of healthcare applications, it is not possible to generalise the requirements of quantum
computing to all healthcare applications; for example, vaccination development systems
differ from drug discovery systems. Consequently, there are a number of factors that must
be considered in order to effectively implement quantum computing applications in
healthcare.

Achievements and Structure

Computing Capability

One of the most important criteria for any healthcare application is low computational time.
Certain complicated healthcare challenges, such as molecular structure simulation, are
beyond the capabilities of traditional computers with CPUs and GPUs. Because of this,
guantum computing, which can model enormous problems utilising massive quantities of
multidimensional spaces, is essential. One of the most well-known applications of quantum
computing is the search method developed by Grover for retrieving items from a list. In order
to find a particular item among N things, for example, we need to look through an average
of N objects, or, failing that, examine all N items. Grover's method for searching finds all of
these things by examining sum of all elements. What this shows is how efficient it is in
computing capability. Assuming it takes 1 microsecond to examine each item, a quantum
computer could search through 1 trillion things in 1 second.

Super-Duper Fast Internet (5G/6G Systems)

When it comes to linking smart medical devices, fifth-generation (5G) connectivity is now
a must-have. It boasts an enormous capacity, shorter latency, and larger band-width in
addition to offering exceedingly resilient integrity. Data transmission to edge/cloud
infrastructure is the backbone of how Internet of Things devices function. New concerns
about data availability, integrity, and secrecy have arisen as a result of cloud storage's
security flaws, which impact users directly. With the help of 5G/6G networks, quantum
computing can provide new services. For effective healthcare paradigm shifts, quantum
walks provide a universal processing model with built-in cryptography capabilities. The
mechanical analogues of classical random walks, quantum walks enable the creation of new
guantum algorithms and protocols via the use of ultra-fast 5G/6G networks.

Pseudorandom number generators, substitution boxes, quantum-based authentication, and
picture encryption protocols are just a few instances of safe quantum applications that have
been designed employing quantum walks. Potentially useful for facilitating safe data storage
and transmission via high-speed networks. As part of a cryptography need for safe data
transfer, the firm encrypts its data before uploading it to the cloud. In this setting, the entities
handle key management, encryption, decryption, and access control. This may be for
innovative studies that take use of 5G healthcare's quantum capabilities to boost performance
and fend against assaults in both classical and quantum settings.

Accessibility of Healthcare Systems in the Quantum Era
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Computing in conventional systems often takes place on-site at the devices. Quantum
computers, however, are situated at great distances from the locations of their users. Sharing
a virtual machine housed on a quantum computer is not easy, thus it's important to meet the
availability needs of these machines with care.

Quantum Gate Deployment

Quantum gates must be installed in order for layered quantum computing to work. Here, it's
up to each quantum gate to carry out its own unique set of operations on the quantum
systems. Hardware limitations, such as the no-cloning theorem, make it difficult for a
particular quantum system to coordinate in more than one quantum gate at the same time,
which is why quantum gates are used in many gquantum computing applications. In this
model, coupling topology is necessary; for instance, qubit-to-qubit coupling depends on the
fidelity of the gates involved to determine the depth of the circuit.

To overcome the difficulty of combinatorial optimisation issues, introduced QAOA, a
guantum approximation optimisation technique. The accuracy of the estimate is proportional
to the positive integer that determines the method's operation. A system of linear equations
with precisely three Boolean variables was used to implement QAOA. This method handles
the input issue effectively and has several benefits over standard techniques. For QAQA, the
authors in used quantum computers using a gate-model. A string output fulfilling a greater
"fraction of the maximum number of clauses" is produced by this method, which converges
to a combinatorial optimisation problem given as input. In order to program gate models that
do not take error correction and compilation needs into account.

A Distributed Topology in Action

Because quantum states are physically far apart, dispersed topologies might allow for the
realisation of large-scale quantum computers. When using a distributed topology to execute
guantum algorithms (such as error correction), a quantum bus is put into place for the
purpose of communicating amongst quantum computers. For quantum applications,
distributed processing, communication, and quantum error correction need a communication
protocol and a coordinated infrastructure. In order for communication protocols to manage
arbitrary quantum devices, a model of system area networks is necessary.

Steps Necessary for the Realisation

There have been four distinct generations of quantum computer implementations so far [86].
lon traps might be used to create first-generation quantum computers, with footprints in the
mm-cm range. Here, KhZ is the physical speed and Hz is the logical speed. Using linear
optical techniques, superconducting quantum circuits, and distributed diamonds, second-
generation quantum computers may be built. With a footprint size of—mm, these computers’
logical speed is in the KhZ range, while their physical speed is in the MhZ range. Donor,
guantum dot, and monolithic diamond technologies provide the basis of third-generation
guantum computers. Their physical speed varies in GHz and their footprint size is—um, but
their logical speed is in megahertz. In their evolutionary stage, fourth-generation quantum
computers use topological quantum computing. Due to its inherent decoherence protection,
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the current generation of quantum computers does not need quantum error correction. A
realistic implementation of the scalable Shor algorithm on quantum computers is proposed
to tackle the outstanding topic of allowing distributed quantum computing via anionic
particles. Instead than focussing on the scalability of the method, this paper showcases
several architecture-specific implementations of a factorisation algorithm.

Modern Al using Quantum Elements

Since quantum machine learning and quantum artificial intelligence are still in their infancy,
it is important to examine their respective needs through the lens of experimental quantum
information processing. The use of fundamental protocols to superconducting quantum
circuits was investigated. Computing and quantum information processing are made possible
via the use of superconducting quantum circuits. Without re-creating the matrix, the authors
of presented a quantum recommendation system that effectively samples from a preference
matrix. A classical quantum DL architecture for near-term industrial devices was presented.
A hybrid quantum-classical framework was introduced by the authors to address high-
dimensional real-world ML datasets on continuous variables. Utilising DL for low-
dimensional binary data is their suggested method. This method is mostly for training
unsupervised models and works well with small-scale quantum computers. For three clinical
use cases hamely, (1) genomics and clinical research; (2) diagnostics; and (3) therapies and
interventions provides an overview of forty theoretical and experimental (proof-of-concept)
guantum technologies. In addition, this study delves further into how quantum neural
networks and quantum support vector classifiers, among others, may be used to real-world
clinical data.

Takeaways and Conclusions from the Lessons Learnt

Here we outline several new criteria for implementing quantum computing in healthcare
settings. Various healthcare organisations' needs for quantum computing infrastructures
must be carefully considered. In order for quantum healthcare systems to work, existing
healthcare infrastructure has to be modernised to accommodate the enormous processing
capacity offered by quantum computers.

Health-Related Quantum Computing Systems

Here we take a look at the current literature that has addressed the topic of designing quantum
computing architecture with healthcare applications in mind. To Kick off this part, we will
first provide a high-level summary of the overall architecture of quantum computers.

A Concise Introduction to Quantum Computing

A quantum computing architecture combines several quantum computing components.
Classical quantum computers rely on quantum teleportation, solid-state electronics, quantum
gates and circuits, architecture for fault tolerance and error correction, quantum states
(qubits), etc. There has been a lot of research on the design and study of these parts and the
many architectural combinations of them. As an example, layered architectures have been
the most often suggested and implemented design for quantum computers, which are the
standard method for creating elaborate information engineering structures. When it comes
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to designing quantum computer designs, several researchers have offered varying viewpoints
and recommendations. For example, the basic requirements for practical quantum computing
were laid forth, and the need of a quantum error correction mechanism in the quantum
computer design is stressed. In reference, the completely coupled trapped ions and IBM
Quantum are compared.

Designing Quantum Algorithms for Use in Healthcare

If there aren't enough algorithms tailored to quantum computers for healthcare applications,
scientists won't be able to take advantage of their fast development in this area to create
treatments that save lives. The majority of current quantum algorithms are hybrids, meaning
they use both conventional and quantum computing. It is very important to develop hybrid
algorithms for use in healthcare applications. They enable these applications to take use of
guantum hardware, which is computationally better, first and foremost. Second, they
encourage development of improved quantum-inspired classical algorithms, even if they
don't make full use of the capabilities of quantum hardware. With the development of more
advanced technology, hybrid approaches that draw inspiration from quantum mechanics will
converge to become pure quantum algorithms. Pure quantum procedures are the ultimate
goal, while hybrid and quantum-inspired approaches are only natural progressions along that
path.
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Figure 4. Taxonomy of different potential applications of quantum computing for
healthcare.
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To expedite the clinical prognostic evaluation of COVID-19 patients, created a quantum
algorithm. They made use of the expanding family of algorithms known as quantum machine
learning (QML), which originated in the theory of quantum computing. The basic premise
is to use Moore's law to solve optimum constraint problems utilising quantum computing for
machine learning tasks with parallel solutions. Good performance for large-scale biassed
CT-scanned image classification was reported by the researchers, who attribute it to quick
convergence and efficient quantum simulation.

In order to address the issue of healthcare deadline scheduling, developed a multiobjective
guantum-inspired genetic algorithm (MQGA). Reason being, serious harm or death to
patients could result from healthcare applications that are late. Directed cyclic graphs
(DAGsS) are used to describe healthcare applications in the suggested technique. Each step
of the process has an associated due date that must be met in order to ensure QoS.

The goal of numerous major projects is to develop healthcare-related software based on
guantum algorithmic research. Pharmaceutical research and development has received GBP
8.4 billion from the UK to build a quantum-enhanced computing platform. Numerous
pharmaceutical companies are teaming up with quantum computing research groups to use
guantum algorithms in drug discovery. For instance, the technique is being used by biotech
business Biogen to create new potential treatments for neurological diseases, such as
Alzheimer's.

Frameworks for Quantum Computing in Healthcare

There are several methodologies in the literature that are based on quantum computing. One
example is the logistic regression health assessment model that suggested, which uses
guantum optimum swarm optimisation to identify various illnesses early on. Under photon-
starved circumstances, examined previous research on image-visualization and quantum
imaging using 3D methods and suggested a visualisation. Using cloud-based quantum
computers that take use of natural language processing on electronic healthcare data, a
research was suggested. Aptamers for Detection and Diagnostics (ADD) was created and is
a smartphone app that uses optical data acquired from conjugated quantum nanodots to detect
SARS-CoV-2 infection indicators. In their proposal. A pulsed quantum cascade and a high-
speed wavelength-swept laser to create a midinfrared spectroscopic system. This system
would be useful in healthcare applications, such as measuring blood glucose levels. For smart
city e-healthcare applications based on multiagent systems, an extension of quantum DH to
dynamic quantum group key agreement.
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Figure 5. An illustration of quantum computing harnessing massive multimodal data to
facilitate precision medicine.

Ensuring the Safety of Quantum Computing in Healthcare

Telehealth systems (an application of image processing) might benefit from the quantum
block-based scrambling and encryption suggested. This method offers two layers of security,
the first of which is activated by choosing an initial seed value for encryption. When it comes
to statistical and differential assaults, the suggested solution is far more secure. When
performing complicated quantum cryptography tasks, however, the suggested method
generates enormous overhead. For the purpose of controlling who has access to crucial data
within the Big Data paradigm, suggested a quantum digital signature that incorporates all
three parties involved in the signing process: the sender, the recipient, and the arbitrator.
While the scientists did develop a quantum protocol that avoids increasing network
overhead, they did not suggest a brand-new quantum computer. But this plan doesn't account
for private information that travels from sender to receiver as part of the planned quantum
computer deployment. The quantum walk-based cryptography application put out by Al- is
made up of permutations and substitutions.

Defense Using D-Level Defense Using Quantum
Systems Key Distribution (QKD)

Security of

Defense Against General Quantum Defense Using Finite
Security Risks Healthcare Key Analysis Method
Computing
Measurement Device Defense Using Semi
Independent QKD QKD

Figure 6. Taxonomy of key technologies that can ensure security for healthcare
information processing using quantum computing.
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Quantum Computing: A Concise Overview

The concept of quantum computing has a long and illustrious history, beginning with its
1981 coinage by Richard Feynman. Figure 3 shows a chronology of significant occurrences
in this domain. The timeline highlights the fact that the field has just been witnessing a more
fast succession of changes, in contrast to past times when there were relatively wider gaps
between occurrences. Some companies, like Amazon Braket, have started selling specialised
guantum computing equipment and even quantum cloud computing services. A recent
achievement by Google's 54-qubit computer was the completion of a work in about 200
seconds that would have taken a traditional computing system almost 10,000 years to
complete. It will be a while before desktop or mobile computers equipped with quantum
computing processors become widely available, though, because the technology is still in its
early stages. Controlling quantum effects is a sensitive operation; any noise (e.g., stray heat)
can flip 1s or Os and disturb quantum effects (e.g., superposition), which is a major reason
keeping quantum computing from becoming a commaodity. This necessitates the operation
of qubits under unique circumstances, such as extremely low temperatures—sometimes
approaching absolute zero. As a result, studies into quantum computing that is resilient to
errors are also encouraged. Researchers and practitioners in the healthcare industry would
do well to take advantage of the current climate to explore the potential advantages of
guantum computing in light of its rapid advancement.

Framework for Hardware

A quantum computing system should ideally be able to interface with and make optimal use
of traditional computing systems, as quantum computer applications frequently deal with
user data and network components that are part of such systems. Conventional computing
concepts may be used to manage the meticulously coordinated control that qubits systems
require for efficient performance. It is possible to gain a rudimentary knowledge of the
hardware components of a quantum computing system that uses analogue gates by mapping
it into multiple layers. Multiple quantum operations are carried out by these levels
comprising the data plane, measurement plane, and quantum control plane, which are used
for operations. The results of the measurements are used by the control processor plane to
figure out what the algorithm needs in terms of the order of operations and measurements.
The host processor, which manages storage arrays, user interfaces, and network access, also
relies on it for support.

Cloud for Quantum Data

In the ecosystem of quantum computing, it plays a crucial role. Physical qubits and the
infrastructure needed to organise them make up the bulk of it. To determine the qubit states
and execute gated operations, it includes the necessary support circuits. This is accomplished
for the system that relies on gates or for "the Hamiltonian for an analogue computer”. The
gate operations of a digital quantum computer are controlled by sending control signals to
certain qubits, which in turn set the Hamiltonian path. The interaction of qubits in gate-based
systems is supported by a programmable network, whereas in analogue systems, this layer
enables deeper interactions in the qubits. A high level of qubit fidelity necessitates strong
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isolation. Because not all qubits can communicate with each other directly, it restricts
connection. As a result, we must adapt computation to meet the unique architectural
requirements imposed by this layer. That the quantum data layer is primarily concerned with
connection and operation integrity is demonstrated here. Both the control and data planes of
traditional computer systems rely on silicon technology. Separating the control and
measurement layers allows for external control of the quantum data plane, which requires
distinct technologies. It is important to communicate with the individual qubits via analogue
signals. Some of the systems use electrical transmission of control information through (data
plane) lines. By controlling just the relevant qubits and ignoring those unrelated to the
process at hand, network communication maintains a high degree of specificity. But it gets
tricky as the qubit count increases; so, the qubit count per module is another core component
of the quantum information plane.

Measurement and Quantum Control Plane

The quantum plane receives digital signals from the control processor and converts them.
On the quantum data plane, it specifies a family of quantum operations that qubits can
execute. It does a good job of converting the qubit data plane's analogue output to binary,
the control processor's preferred classical data format. When there is a discrepancy in the
signal isolation, it causes tiny qubit signals that cannot be corrected during an operation,
leading to inaccurate qubit states. Due to the need to route control signals via the machinery
required to isolate the quantum data plane from its surroundings, shielding these signals is a
difficult process. Vacuums, cooling, or the combination of the two might accomplish this.
As the system's configuration changes, signal crosstalk and qubit manufacturing faults
evolve over time. A precise pulse takes time to make and deliver, which might limit the
performance even if the underlying quantum system enables quick operations.

Central Processing Unit, Base Unit, and Host Unit

This level detects when the control and measurement planes are ready to perform a sequence
of quantum gate operations, and it then calls on them. The host processor is used to
implement a quantum algorithm in this collection of stages. The application has to be tailor-
made to make use of the software tool stack's quantum layer's particular features. On the
control processor plane, providing a quantum error correction method is a crucial
responsibility. The various quantum processes needed for error correction based on
calculated findings are performed using conventional data processing techniques. This
causes a lag, which may make the quantum computer run slower. Carrying out the error
correction in a time comparable to the time needed for the quantum processes can decrease
the overhead. The control processor plane would naturally have additional components to
handle the growing computational demand as the machine size rises. Building a control plane
for massive quantum computers, though, is no easy feat.

Dividing the plane into its constituent parts is one way to address these difficulties. The first
part is a conventional CPU that may be assigned the responsibility of running the quantum
program. The second part is specialised hardware that can allow direct communication with
the measurement and control planes. It takes the syndrome readings and the controller's
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higher-level command output and uses these to calculate what the qubits should do next.
Developing high-level instruction abstraction requires specialised hardware that is quick,
scalable with machine size, and well-suited to the task. The control processor plane makes
use of a low-level abstraction. It takes the compiled code and turns it into commands for the
control and measurement layers. No direct user interaction with the control processor plane
is possible. The next step is to connect it to the computer so that certain programs may run
more quickly. These kinds of designs are used in modern computers with graphics, ML, and
networking accelerators. It is possible to program the controller on these accelerators by
establishing a direct link with the host processors and sharing some of their memory.

Quantum Technologies

The door to the possibility of developing suitable devices capable of executing quantum
logic operations was opened by Shor's algorithm. For example, photon, solid-state spin,
trapped-ion, and superconducting qubit systems are only a few examples. The next
subsections discuss the two most promising platforms for quantum computing: trapped-ion
qubits and superconducting qubits.

Imprisoned Qubits of lons

In 1995, "the first quantum logic gate was developed in 1995 by utilising trapped atomic
ions" based on a theoretical framework that had been provided the previous year.
Technological advancements in qubit control following the initial demonstration have
cleared the path for fully operational processors of quantum algorithms. While the results
from the small-scale demonstration are encouraging, the problem of trapped ions is still quite
large. Constructing a quantum computer that relies on trapped ions necessitates the
integration of several technologies, such as optical, radiofrequency, vacuum, laser, and
coherent electrical controllers, in contrast to Very Large Circuits Integration (VLSI). Before
implementing a solution, however, the integration issues related to trapped-ion qubits need
to be fully resolved.

The building blocks of a data plane are ions and a way to confine them to certain locations.
Various lasers on the measurement and control plane carry out specialised tasks; for instance,
a targeted laser is employed to perturb the quantum state of a particular ion. A laser is used
to measure the ions, and photon detectors are used to detect their states.

Qubits with Superconductivity

Modern silicon-based circuits and superconducting qubits have certain similarities. Because
there are quantified states of electrical charge, these qubits display quantified energy levels
when cooled. They are an effective quantum computing option because they can scale
lithographically, function on a nanosecond time scale, and continuously increase coherence
times. When these properties converge, superconducting qubits are explored for quantum
annealing and quantum computing.

Takeaways and Conclusions from the Lessons Learnt
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Here we go over the technologies that make quantum computing possible. The error rates of
the single- and two-qubit gates are the defining features of a quantum data plane, according
to our findings. In addition, the quantum data plane places importance on the interqubit
connectivity, the qubits inside a single module, and the qubit coherence durations. In
addition, we covered how the exact control signals needed to execute quantum operations
impose a speed constraint on the gquantum computer. The host computer and control
processor aircraft both use conventional operating systems that come with software libraries
to facilitate their functions programming resources and assistance. The control process relies
on the software development tools that it executes. These don't function like the software on
regular PCs nowadays. These systems offer the networking and storage features that a
guantum application may need while running. In this way, a quantum process may take use
of a conventional computer's capabilities without having to start from square one when
coupled with one.

Quantum Computing's Potential in the Medical Field

Quantum computing outperforms traditional computer systems, according to recent studies.
In certain applications, quantum computing may significantly cut calculation times from
years to minutes, which greatly aids in the detection and treatment of diseases. It inspires
fresh approaches to old problems, new structures, and new techniques, all with the goal of
improving one's competence in certain areas. Quicker diagnosis, more tailored treatment,
and cost optimisation are just a few of the many areas where healthcare professionals and
the health industry as a whole stand to benefit greatly from the application of quantum
computing. The availability and accessibility of health-relevant data sources on a global scale
has greatly improved, leading to a noticeable uptick in the usage of classical modelling and
guantum-based techniques, according to a literature review.

Models at the Molecular Level

In contrast to conventional computing, where the processing speed is determined by
integrated circuits, quantum computers typically process data in a fundamentally unique
fashion utilising quantum bits. In contrast to classical computers, which aren't built to take
use of quantum entanglement, quantum computers store information in terms of 0s and 1s.
This allows quantum algorithms to counter classical algorithms. Utilising ML, optimisation,
and Al, quantum computers are capable of conducting intricate simulations in the healthcare
sector. Methods inside in healthcare, molecules with interacting electrons frequently form
intricate networks with many connections. Simulations and other operations in this area
always have time as their limiting element, and computing needs rise exponentially with the
complexity of the issue. Our conclusion is that the use case is well-suited to systems based
on quantum computing.

Accurate Therapeutics

When it comes to people's health, the field of precision medicine is all about meeting their
specific treatment and preventative requirements. Future medical care will need to go beyond
conventional methods and incorporate personalised medicine to address the intricacies of the
human biological system. When it comes to leveraging EHRs for illness risk prediction,
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classical ML has proven beneficial. However, issues with feature size, complexity of
connections among features, quality and noise, and the use of conventional ML algorithms
still restrict their use. This raises the possibility of employing quantum-enhanced ML, which
has the potential to pave the way for earlier, more precise diagnosis of diseases. Then, using
technologies that are based on continuous data streams, healthcare practitioners may learn
how hazards affect individuals in a particular disease as it changes through continuous virtual
diagnosis. Investigating drug sensitivity in cancer cells, taking into account their genomic
characteristics, is an active area of cellular biology research. Researchers are still trying to
pin down the exact chemical features of pharmacological models that can help with granular
cancer efficiency prediction. The primary way in which quantum-enhanced ML can facilitate
medication inference models is by speeding up advancements in the healthcare area.

The purpose of precision medicine is to forecast an individual's future move by determining
and describing the connections between causes and treatments. Umbrella diagnoses, which
are the product of conventional medicine based on patient reports of symptoms, are
associated with treatment failures on occasion. Personalised interventions based on
continuous data streams might aid in illness prediction and therapy relevance with the use of
guantum computing. Through the use of continuous care, quantum-enhanced predictive
medicine optimises and customises healthcare services [58]. If applied to individual-level
therapies, quantum-enhanced modelling has the potential to improve patients' adherence and
engagement

Help with Diagnosis

Improving prognosis and treatment outcomes while also reducing healthcare costs is possible
with early illness detection. For example, research has demonstrated that there is a 4-fold
reduction in treatment costs and a 9-fold reduction in survival rates when colon cancer is
detected early. Nonetheless, most illnesses' present diagnostic and treatment processes are
time-consuming and expensive, with diagnostic error rates of about 15-20%. The rapid
advancement of computer-aided diagnostics in recent years has made the use of X-rays, CT
scans, and MRIs all the more important. The lack of repeatability, poor data quality, and
background noise make diagnosis and therapy difficult. Consequently, quantum-assisted
diagnostics might evaluate healthcare pictures and supervise the processing stages, such
medical image edge recognition, that enhance image-aided diagnosis.

Analytical procedures are required in single-cell sequencing data and flow cytometry,
however present methodologies rely on single-cell methods for diagnosis. In addition, these
strategies necessitate sophisticated data analytics, especially when it comes to merging
datasets from several approaches. Cell categorisation according to biochemical and physical
characteristics is considered a major obstacle in this respect. Important diagnoses like cancer
cell integration from healthy cells rely on this categorisation, but it demands an expanded
feature space with a much bigger predictor variable. The development of single-cell
diagnostic procedures and the implementation of quantum ML techniques like quantum
vector machines (QVM) make these kinds of classifications possible. Biomarker
identification and characterisation opens the door to complex omics datasets for research in
areas including genomes, transcriptomics, proteomics, and metabolomics. The rise in feature
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space that may result from these operations may give rise to correlations and patterns so
intricate that they defy analysis by more traditional forms of computational analysis.

Quantum computing has the potential to bolster diagnostic insights throughout the diagnostic
process, therefore reducing or eliminating the necessity for repeated diagnosis and therapy.
This model is useful for offering analysis and monitoring of people's health in real-time.
When using meta-analysis for cell-level diagnosis, it aids in determining the optimal method
to do at that given moment. Both patients and doctors stand to benefit from this if it helps
bring costs down and opens the door to more data-driven diagnoses.

Treatment with Radiation

One method that has been used to treat cancer is radiation therapy. This method involves
using beams of radiation to kill cancer cells and prevent them from dividing. But radiation
is delicate, therefore it takes exact calculations to focus the beam on cancerous tissues while
avoiding healthy cells in the vicinity. Radiographers use extremely accurate computers to
carry out their work, and in order to achieve the best possible results, they must solve a very
specific optimisation issue. This challenge necessitates running a number of complicated and
exact simulations. Utilising quantum principles for simulations opens up a wide spectrum of
potential, since quantum computing enables simultaneous simulations and optimal plan
figuring out.

Research and Development of New Drugs

The ability to simulate molecular interactions at the atomic level is crucial for medical
research, and quantum computing makes this possible. Analytics, drug discovery, therapy,
and diagnostics will all rely heavily on this. Recent developments in quantum computing
have made the hitherto impossible task of simulating the interactions between medications
and tens of thousands of proteins feasible. By using quantum computing, this data may be
processed orders of magnitude faster than using traditional computing methods. Thanks to
guantum computing, medical professionals may now examine massive datasets and all
possible combinations in real time to find the most effective patterns. With the use of gold
nanoparticles and established technologies like the bio-barcode test, it is now feasible to
detect disease-specific biomarkers in blood. Using the comparisons that aid in diagnostic
identification might be the objective here.

An essential function of pharmaceutical businesses is the discovery of new medicinal
compounds by analysing molecular structures, whether they be tiny molecules,
macromolecules, or any other type of molecular formation. Scientific luck has played a
significant role in the discovery of several vital medications throughout history. The
smallpox vaccine, penicillin, chloral hydrate, LSD, and many more come to mind. No
amount of chance will suffice to solve today's problems, including COVID-19 and climate
change. Energy expended in chemical reactions must be precisely modelled in order for
modern drug development to proceed. Because even determining the quantum behaviour of
a few electrons requires extremely time-consuming calculation, classical computers depend
significantly on approximations for this. The burden of guiding the model and validating its
outputs shifts on the chemist, diminishing the model's accuracy and use within the
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laboratory. On the flip side, small molecule properties, like lithium hydride, can already be
accurately modelled by quantum computers. Additionally, quantum chemistry calculations
that need an explicit representation of the wave function can benefit from these computers
due to their high system entanglement and the high accuracy with which they simulate
properties. Last but not least, chemists have created a number of quantum algorithms that
outperform their conventional computer equivalents in estimating molecular reaction rates
and ground-state energies of molecular Hamiltonians [19].

Quantum chemistry may even precisely predict noise-exhibiting circuits. In order to conduct
a Monte Carlo simulation designed for physics models including fermions, which consist of
electrons, the researchers utilised no more than 16 qubits on Google's 53-qubit quantum
computer. We ran simulations with up to 120 electron orbitals on H4 molecules, nitrogen
molecules, and solid diamond.

Risk Analysis for Diagnosis Costs

One of the major obstacles that adds complexity to the healthcare ecosystem is the creation
of pricing strategies. When it comes to pricing analysis, quantum computing is useful for
risk assessment since it can determine a patient's present health status and their susceptibility
to certain diseases. The optimisation of insurance premiums and pricing can benefit from
this. Financial risks and pricing models might be better calculated with the use of a
population-level study of illness risks and a mapping to the quantum-based risk models.
Detecting fraud is a critical area that might bolster pricing decisions; healthcare frauds waste
billions of dollars in revenue. Regarding this matter, conventional data mining methods
provide valuable insights into the detection and mitigation of healthcare fraud. With quantum
computing's improved pattern recognition and classification capabilities, bad actors
attempting to file false medical claims might be exposed. This has the potential to reduce
fraud-related expenses and improve pricing model management. In addition to reducing
premiums and facilitating the development of individualised plans, quantum computing may
greatly expedite price computations.

Conclusions

Quantum computing has the potential to revolutionise certain diagnostic procedures that rely
on imaging modalities (e.g., MRIs, CT scans, etc.) and past data. The traditional computer
process of DNA sequencing takes two to three months; quantum computing might speed up
this process. It might also be useful for quickly analysing DNA variations in
cardiomyopathy. Despite the innovative healthcare advantages brought forth by the rise of
guantum computing, security concerns may arise from the widespread usage of new quantum
approaches. Investment in quantum computing is thus necessary for the improvement of
healthcare service supply. It might be possible to automate vaccination research even more
effectively. Additionally, distributed quantum computing must be allotted, in which a
guantum supercomputer will use the cloud to disperse its resources. A number of healthcare
applications can benefit from the reduced processing time that quantum-enhanced computing
offers. It was not possible to generalise the needs of quantum computing for healthcare to
other domains. To illustrate the point, systems for vaccine development and drug discovery
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are distinct. Consequently, there are a lot of things to think about when using quantum
computing in healthcare.
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