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Abstract: This paper explores the multiple
applications of biomacromolecules in the
diagnosis and treatment of infectious diseases,
covering research progress in molecular
diagnosis, anti-infective treatment, and
prevention and control of drug resistance. By
analyzing the types and characteristics of
protein, nucleic acid, carbohydrate, and lipid
biomacromolecules, their important roles in
early disease diagnosis, targeted therapy, and
vaccine development are explained. In
particular, the widespread application of
nucleic acid detection and protein drugs in
precision diagnosis and immunotherapy
demonstrates the unique advantages of
biomacromolecules in improving treatment
effects and reducing infection risks. This
paper also discusses the current technical
bottlenecks of biomacromolecules in the
diagnosis and treatment of infectious diseases,
such as high production costs and delivery
efficiency issues, and introduces the potential
of emerging technologies and innovative
methods in solving these challenges. Finally,
the difficulties in the clinical transformation
of biomacromolecules are analyzed, and
corresponding solutions are proposed. In
summary, biomacromolecules have important
clinical application value in the diagnosis,
treatment, and prevention and control of
infectious diseases.
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1. Introduction
The huge challenge to global public health,
infectious diseases continue their assault with
the constant appearance of strains resistant to
existing medications, and a rapid spread of
newly isolated viruses makes efforts at their
prevention and control rather difficult and
complicated [1]. With these two traditional

anti-infective ways-small molecule drugs and
vaccines-the problems of drug resistance happen
with high frequency, and preparation time of
vaccines is longer in many situations. These
problems have promoted research and use of
biomacromolecules to diagnose and treat
infectious diseases. Biomacromolecule proteins,
nucleic acid carbohydrates, and lipids are well
known for their unique structure and function
properties and have shown important value in
the diagnosis, cure, and prevention and
controlling of infectious diseases.
Biomacromolecules have not only been capable
of identifying infection sources and pathogenic
microorganism detection, targeting mechanisms
in pathological processes and playing a
therapeutic role; with the development of
biological molecular genetic engineering
techniques, biomacromolecules have also shown
more and more new innovative models in the
anti-infective drug research field, including
vaccine development [2]. Biomacromolecules
applied in infectious diseases are of very
important scientific significance and wide
clinical prospects as a new type of diagnostic
and therapeutic tool.
With the continuous development and perfection
of science and technology in the research field,
great expansion was made from just a tradition
of laboratory research to applied clinical
practices. Therefore, the multidimensional
participation of biomacromolecules in infectious
diseases can be attributed to every aspect,
involving nucleic acid detection, the usage of
protein markers, and design for vaccine
construction. In the context of the increasingly
severe global public health crisis, how to make
use of the advantages of biomacromolecules in
developing more effective and precise diagnosis
and treatment methods has become an important
direction of research in the biomedical field [3].
At the same time, this field also faces many
challenges such as production costs, difficulty in
technology transformation, and clinical
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verification. It hence means in-depth exploration
into the application of biomacromolecules in the
diagnosis and treatment of infectious diseases
would be one that contributes to academic and
research values, opening up new ideas in
responding to crises in public health [4].

2. Types and Characteristics of
Biomacromolecules

2.1 Protein Biomacromolecules
Proteins are complex biomacromolecules, the
major constituents of which are amino acids
joined by peptide bonds. These are highly
structurally and functionally diverse. In
organisms, they perform a great many critical
biological functions, including catalytic
reactions, transportation of molecules, structural
support, immune responses, and more. The
specific three-dimensional structure of proteins
determines their functions. Their
three-dimensional structure includes the primary
structure, referring to the amino acid sequence;

secondary structure, which is the α-helix and
β-fold; tertiary structure; and quaternary
structure. In the diagnosis and treatment of
infectious diseases, protein biomacromolecules
have become one of the important tools for
diagnosis and treatment because of the core role
they play in immune response [5]. For instance,
some specific proteins from pathogenic
microorganisms can act as molecular markers
for early diagnosis, while antibodies and
vaccines targeting these proteins can effectively
play a therapeutic role. In addition, protein
biomacromolecule has important potential to
develop new antibiotics and antiviral drugs.
However, protein biomacromolecules also face
the following problems in clinical application:
high production cost, poor stability, and
immunogenicity. Overcoming such technical
bottlenecks and further enhancing clinical
application values are therefore among the most
important directions of current research into
protein biomacromolecules.

Figure1. Core Role of Proteins in Immune Response
Figure 1 shows the central role of proteins,
including antibodies, in the immune response.
When an invading pathogen is first detected by
the immune system, antibodies are produced and
the immune response is activated, removing the
pathogen from the body. The reaction of the
immune response against the pathogen is
positively influenced by the feedback provided
through the memory cells that get formed.

2.2 Nucleic Acid Biomacromolecules
Nucleic acid biomacromolecules include DNA
and RNA, which are carriers of genetic
information and participate in almost all
biological processes in cells. DNA synthesizes
proteins through gene coding, while RNA plays
a vital role in the regulation of gene expression.
In the diagnosis of infectious diseases, nucleic
acid biomacromolecules play an increasingly
important role, especially the widespread

application of nucleic acid detection technology,
such as RT-PCR technology, which can achieve
rapid and accurate detection of a variety of
pathogens. With the advancement of gene
editing technology and RNA interference
technology, nucleic acid biomacromolecules
have also become an important tool for
anti-infection treatment. For example, by
designing specific RNA molecules, it is possible
to effectively interfere with the expression of
pathogen genes, prevent pathogen replication or
infection process, and achieve therapeutic
effects. In addition, the development of nucleic
acid vaccines provides new possibilities for the
prevention of infectious diseases. Compared
with traditional vaccines, nucleic acid vaccines
have a faster R&D cycle and higher safety, and
show unique advantages in the prevention and
control of new infectious diseases. Although
nucleic acid biomacromolecules have broad
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application prospects in diagnosis and treatment,
they still face technical challenges such as how
to improve transmission efficiency, stability and
immune response. Therefore, in-depth research
on the characteristics and applications of nucleic
acid biomacromolecules will help promote their
clinical transformation in the field of infectious
diseases [7].

2.3 Carbohydrate and Lipid
Biomacromolecules
Carbohydrate and lipid biomacromolecules also
play multiple important functions in organisms.
Carbohydrates are mainly composed of
monosaccharides connected by glycosidic bonds.
They are widely present on the cell surface,
extracellular matrix and body fluids, and have
multiple functions such as energy storage,
structural support and participation in cell
recognition. In the immune response of
infectious diseases, carbohydrates, as part of
glycoproteins and glycolipids, participate in
processes such as cell adhesion, invasion and
immune recognition. Specific carbohydrate
structures on the surface of pathogenic
microorganisms can be recognized by host cells,
thereby initiating immune responses. Therefore,
carbohydrate molecules have potential
application value in the diagnosis and
immunotherapy of infections. Lipid
biomacromolecules mainly include fatty acids,
glycerides, phospholipids and cholesterol, which
are important components of cell membranes
and participate in biological processes such as
cell signaling, energy storage and intercellular
communication. In infectious diseases,
pathogens enter host cells by interacting with
lipid molecules on the host cell membrane [8].
Lipid molecules also play an important role in
the host immune response. Therefore,
anti-infection strategies designed for
carbohydrates and lipid molecules can
effectively interfere with the interaction between

pathogens and host cells, providing new ideas
for the treatment of infectious diseases.
Although the application of carbohydrates and
lipids in diagnosis and treatment is still in the
exploratory stage, with the development of
related technologies, they have important
potential in the diagnosis and treatment of
infectious diseases [9].

3. Application of Biomacromolecules in the
Diagnosis and Treatment of Infectious
Diseases

3.1 Application in Diagnosis: Molecular
Diagnosis and Markers
Biomacromolecules have important applications
in the diagnosis of infectious diseases, especially
in molecular diagnosis and marker detection.
With the development of molecular biology
technology, the use of DNA, RNA or protein
markers for early detection and accurate
diagnosis of diseases has become a routine
means. By analyzing the gene sequence of
pathogens or the expression of specific proteins,
molecular diagnostic technology can achieve
rapid and accurate identification of multiple
pathogens. For example, PCR technology can
detect the genetic material of viruses and help
identify the type of infection, while the detection
of pathogen-specific proteins can provide
additional diagnostic information [10]. The
application of markers not only improves the
diagnostic accuracy of infectious diseases, but
also promotes the realization of personalized
medicine and helps evaluate the prognosis of
diseases. Although molecular diagnostic
technology has made significant progress, it still
faces problems in practical applications such as
high cost of detection equipment and insufficient
standardization. The technology needs to be
further optimized to improve its clinical
applicability.

Figure 2. Biofunctionalized Biomacromolecules for Molecular Diagnostics in Infectious Diseases
The biomacromolecules are conjugated with
targeting ligands (figure2), enhancing their
ability to specifically bind to pathogens [6]. This
targeted interaction leads to the generation of a

detectable signal, which can be utilized for the
early and accurate diagnosis of infectious
diseases.
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3.2 Application in Treatment: Development
of Anti-Infective Drugs and Vaccines
Biomacromolecules in general have great
potential for clinical application in anti-infective
treatment development, especially in the arenas
of anti-infective medication and vaccines.
Protein biomacromolecules, mainly from
monoclonal antibodies, would become an
important means of therapy against infection.
They enhance immune clearance through
specific identification and neutralization of
pathogenic factors derived from pathogenic
microorganisms. Nucleic acid technology
vaccines, represented by mRNA vaccination,
have brought revolutionary improvement in the
prevention and control of infectious diseases.
Compared with the traditional vaccine, the
research and development cycle of mRNA
vaccine is short, with higher safety and
remarkable advantages in use, especially against
new viruses. Accurately designing and
optimizing the targeted biomacromolecule is an
effective method that, with hope, would improve
the targeting of drugs while lessening negative
side effects. Despite research on anti-infective
drugs and vaccines making their effect, there are
such shortages in them as resistance to the drugs
and promotion of the vaccines, which require
unending innovation to ensure that new
strategies are widely adopted clinically.

3.3 Potential and Challenges in the
Prevention and Treatment of Drug Resistance
Drug resistance has become one of the major
threats to human health in the whole world, and
biomacromolecules have important potential in
preventing and treating drug resistance. The
emergence of drug-resistant microorganisms
urgently requires developing new strategies for
treatments, and biomacromolecules offer a new
treatment approach. For example, designing new
types of antibiotics using protein
biomacromolecules or interfering with the
interaction of pathogenic microorganisms with
the host cells using antibody drugs can
effectively overcome the deficiency in existing
drugs. Furthermore, nucleic acid technology
provides a new strategy for early identification
and precision treatment of drug-resistant
microorganisms. However, some problems still
existed in biomacromolecules applied to the
prevention and control of drug resistance, such
as high production cost, poor stability, and how
to improve specificity for drug-resistant bacteria.

It is urgent to go further in making
breakthroughs in research and development, the
production process, and clinical application of
biomacromolecule drugs in order to provide
more reliable solutions for the prevention and
control of drug resistance.

4. Technical Challenges and Research
Progress

4.1 Technical Bottlenecks in Current
Applications
Although biomacromolecules have shown great
application prospects in the diagnosis and
treatment of infectious diseases, their current
applications are still facing many technical
bottlenecks. First, biomacromolecules have a
high production cost, especially in the
preparation of proteins and vaccines, which
often requires complex expression systems and a
large number of production equipment, thus
restricting large-scale applications. Second,
biomacromolecules also face problems in
stability and immunogenicity. Some protein
drugs are easily degraded during long-term
preservation or transportation, which lowers the
therapeutic effect. Besides, the targeting use and
delivery efficiency of biomacromolecules still
need improvement, especially in the field of
nucleic acid vaccines and gene therapy. The
main problem in targeted delivery is how to
deliver these macromolecules to the target tissue
in a protective way with safety and efficiency.
How to solve these technical problems and
further improve the production efficiency,
stability, and delivery capability of
biomacromolecules has become one of the
hotspots of current research.

4.2 Emerging Technologies and Innovative
Methods
Moreover, continuous technological
development has applied many newly emerging
technologies and methods to research and
development in biomacromolecules and their
application, promoting new breakthroughs in
diagnosis and treatment. For example, gene
editing technology, like CRISPR-Cas9, has great
potential in developing antiviral drugs. While
doing so with precision, editing either the
pathogenic or host cell genes will effectively
restrain viral replication and infection processes.
Besides, through the combination of
nanotechnology with molecular imaging
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technology, it would make the application of
biomacromolecules in disease diagnosis and
targeted therapy more accurate. The targeting
and bioavailability of drugs can be greatly
improved with the help of nanocarriers,
improving the therapeutic effect greatly.
Meanwhile, the emergence of technologies such
as artificial intelligence and machine learning
promotes the ability of intelligent drug screening
and vaccination design. Driven by these
emerging technologies, higher and more
diversified biomacromolecules have been under
research, and their practical application
prospectives are taking a step toward the market.

4.3 Difficulties and Solutions in Clinical
Transformation
Transformation into Clinical
Biomacromolecules: Many Challenges to Face
Their Clinical Use for Infectious Diseases First,
the limitation imposed on the clinical trials to
accelerate new therapies, at considerable cost
and over prolonged time, including the
evaluations required for effects on a population
in general, is usually hugely time and money
consuming. During the clinical transformation of
biomacromolecules, safety and side effects
generally take priority. For example, it is
common during clinical use that certain
monoclonal antibodies have the potential to
cause immunological or allergic reactions; thus,
even more ingenious designs and optimization
must be conducted. Due to these difficulties,
researchers in and out of the industry have been
working hard in an attempt to optimize design
efficiency both in clinical research and
interdisciplinarity in international cooperation to
accelerate the translational process from bench
to bedside. In addition, financial input should be
enhanced from the government and industry
regarding new techniques, and there should be
promotion in infectious diseases for
biomacromolecular techniques, through which
better clinical transformation and extension may
be realized.

5.Conclusion
Biomacromolecules have shown great
application potential in the diagnosis and
treatment of infectious diseases, especially in
diagnosis, treatment and prevention of drug
resistance. With the rapid development of
molecular biology, genetic engineering and
nanotechnology, biomacromolecules have made

significant progress in precision diagnosis,
anti-infective drug development and vaccine
design, greatly improving the early identification
and treatment of infectious diseases. Through
molecular markers, nucleic acid detection and
protein drugs, biomacromolecules not only
provide a new perspective for the diagnosis of
infectious diseases, but also show strong
advantages in targeted therapy. In particular, the
emergence of nucleic acid vaccines has changed
the development of traditional vaccines and
brought revolutionary breakthroughs to the
prevention and control of infectious diseases
worldwide.
Although biomacromolecules have been given
extensive prospects in diagnosis and treatment
applications in the realm of infectious diseases,
several clinical applications of
biomacromolecules are greatly challenged. The
high cost, low stability, and immunogenicity in
production remain serious technical bottlenecks
toward promoting their applications. Safety,
efficiency, and cost-effectiveness during clinical
transformation of biomacromolecules should be
ensured. In the future, through interdisciplinary
technological innovation and the continuous
promotion of clinical research,
biomacromolecules will be able to play a more
important role in the diagnosis, treatment, and
prevention of infectious diseases, thus providing
forceful support for responses to global public
health crises. Therefore, further strengthening
scientific research investment and making
breakthroughs in related technologies will
become the key to promoting the wide
application of biomacromolecules.
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