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ABSTRACT

Nuclear medicine is a powerful tool in combating infectious diseases, 
offering unique diagnostic and therapeutic solutions to the global health 
crisis. It develops new imaging and radiopharmaceutical techniques to 
identify infectious lesions accurately. Theranostics combines diagnostic 
imaging with therapy to make treatment more effective and non-
pharmacological, reducing side effects. Molecular imaging techniques 
enable the observation of infections and diseases, aiding in epidemiology 
and surveillance. Nuclear medicine can provide prompt and efficient 
diagnostic abilities to emerging and re-emerging infectious health 
challenges and pandemics. Portable and flexible scanning technology is 
facilitated by nuclear medicine, making it suitable for on-site imaging in 
local areas. Integrated artificial intelligence and multimodality molecular 
imaging techniques improve diagnostic capabilities and the quality 
and efficiency of diagnosing infectious diseases. Despite challenges 
in developing and accessing radiotracers, all stakeholders must work 
together to harness the potential of nuclear medicine to improve patient 
outcomes and global health.

Keywords: Nuclear Medicine, Infectious Diseases, Theranostics, 
Molecular Imaging.

INTRODUCTION

Infectious diseases are a global hazard that burdens societies, particularly 
developing ones. They burden humans because of their unpredictable 
nature and ability to mutate rapidly and adapt to new environments [1]. 
When contagious diseases are not overseen, they are likely to lead to an 
outbreak, causing potential harm to the population of any given area. 
This paper examines historical outbreaks of some of the most dangerous 
diseases. Epidemics in the recent past, like the COVID-19 pandemic, 
have shown an urgent need for new diagnostic and therapeutic tools 
for fighting infectious pathogens [2]. COVID-19, caused by the novel 
coronavirus SARS-CoV-2, demonstrates that infectious diseases remain 
a devastating threat to global public health, economies, and social well-
being. The pandemic has affected millions, including deaths worldwide 
[3]. This occurrence has allowed officials to recognize the immediate 
need to intervene in manageable strategies to fight and prevent the 
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dispersal of infectious agents [4]. Consequently, with the 
sudden evolution of new variants of concern, there has 
been an unexpected difficulty in containing the virus and an 
anticipated future wave of infections [5]. Nuclear medicine is 
another cutting-edge field that has proven to be a valuable tool 
in the battle against infectious diseases. By utilizing various 
advanced imaging techniques and radiopharmaceuticals, 
nuclear medicine changes the face of infectious diseases 
by helping urban areas diagnose, treat, and manage their 
patients with unprecedented accuracy and ease [6]. Discover 
the full spectrum of cases—from first appearance and 
disease progression to therapeutic assessment—within 
the consultation of Nuclear Medicine for Infection imaging, 
with host Dr. June 2014 International Society of Infectious 
Diseases · Office of Health and Infectious Disease Research 
16. We are pleased to include Nuclear Medicine in Infection: 
A Comprehensive Case Series in our consultation. This 
consultation provides an overview of Infectious Disease 
Imaging using the most up-to-date and advanced methods 
[7]. To clarify, we are trying to say that is why we chose that 
specialty: it had a high global need. We are trying to establish 
that nuclear medicine is vital in global health because it can 
kill bacteria or infectious diseases [8]. The article employs 
a comprehensive approach to analyze historical outbreaks 
of infectious diseases, utilizing a systematic literature 
review to gather relevant data. Methodologically, it uses a 
rigorous examination of epidemiological trends, diagnostic 
modalities, and therapeutic interventions employed during 
past outbreaks. Additionally, the article incorporates case 
studies and expert analyses to provide nuanced insights 
into the challenges and advancements in combating 
infectious pathogens. Furthermore, the review integrates 
recent empirical evidence and emerging research to offer 
up-to-date perspectives on the role of nuclear medicine 
in infectious disease management. The article aims to 
thoroughly understand the dynamic landscape of infectious 
diseases and the pivotal role of nuclear medicine therein 
through meticulous synthesis of diverse sources.

DIAGNOSTIC TECHNIQUES IN NUCLEAR MEDICINE

As imaging technologies improve and new ways to label 
radioisotopes are created, nuclear medicine will remain 
at the forefront of diagnostic innovation [9]. This includes 
the diagnostic services provided by nuclear medicine for 
infectious diseases. Hybrid imaging modalities such as 
the combination of positron emission tomography (PET) 
with computed tomography (CT) (PET/CT) and PET with 

magnetic resonance imaging (PET/MRI) have played a 
significant part in the valuable evolution of improved 
diagnostic accuracy secondary to its ability to provide both 
anatomic and functional information accurately. This has 
significantly improved the identification of infectious lesions 
in the normal surrounding tissues and organs, improving 
diagnostic accuracy and assisting physicians in making 
better diagnostic and treatment decisions [10]. Furthermore, 
developing novel radiotracers that target pathogen-specific 
biomarkers or metabolic pathways has revolutionized 
infectious disease diagnosis. Such radiotracers exploit unique 
biological signatures of infectious agents, such as surface 
antigens or metabolic processes, to afford unprecedented 
sensitivity and specificity to detecting and characterizing 
infectious lesions. This targeting brings not merely improved 
diagnostic accuracy but immense therapeutic potential. 
We can directly deliver the treatment to the infected site 
[11]. Furthermore, with new radiotracer chemistry and 
improved production processes, more versatile and accurate 
imaging radiotracers are now available in nuclear medicine, 
further extending the utilities and application of nuclear 
medicine in infectious disease conditions. Radiolabeling of 
microorganisms (for example, bacteria, viruses, and fungi) 
or components of the host immune response provides a 
mechanism to differentiate infectious from non-infectious 
lesions more precisely, reducing the risk of misdiagnosis and 
unnecessary intervention [12]. Theranostic approaches are 
emerging in nuclear medicine to diagnose and treat infectious 
diseases. Theranostics, an emerging field at the intersection 
of personalized medicine, is driving the development 
of innovative diagnostics and therapies for tuberculosis 
(TB) and other widespread infectious lung diseases. By 
marrying predictive biomarkers for TB susceptibility/
resistance to new or repurposed drugs, theranostics will 
permit the physician to make fast life and death decisions 
individually, dragging this 133-year-old disease into the 21st 
century [13]. In summary, nuclear medicine is advancing 
the field of diagnostic medicine for infectious diseases by 
providing numerous methods of imaging modalities and 
radiotracers that are extremely sensitive and specific toward 
better diagnosis of diseases. As we continue to advance in 
the medical field, nuclear medicine is predicted to play a 
significant role in advancing and treating infectious diseases 
and their effect on the individual's global health, giving a 
more specific treatment method leading to better patient 
health [14]. Table 1 summarizes common radiotracers used 
in nuclear medicine for infectious diseases.
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APPLICATIONS IN INFECTIOUS DISEASES

Precision Diagnosis and Therapy

The introduction of theranostics significantly changes the 
treatment of infectious diseases from broad-spectrum and 
treatment-of-risk to personal, specific, and gentle [15]. The 
new field of medical care, termed theranostics, combines 
diagnostic imaging with therapeutic applications to direct 
nuclear physicists to the exact spot of infected foci and 
apply a radioactive agent to kill the infected parts. This 
model provides a new approach to enhancing therapeutic 
effectiveness, minimizing adverse effects, and improving 
patient outcomes [16]. Theranostics in Infectious Disease 
Management involves using radiolabeled antimicrobial 
agents or radiolabeled antiviral drugs that allow the delivery 
of targeted therapy but give real-time imaging information 
on treatment response [17]. The repurposing of drugs allows 
the potential of a previously well-characterized drug to be 
used for diagnosis, and it can also be seen as jumping over 
hurdles of development. It has been called “Two birds with 
one stone” as it can offer therapy and imaging diagnostics 
[18]. Theranostics in ID are starting to gain interest in 
infectious diseases as the diagnosis of infectious diseases is 
a big issue, and there are drug resistance and side effects. 
Theranostics theater is not yet widespread in diagnosing 
infectious diseases, but there is growing potential, and 
more work needs to be done in diagnostics [19]. Utilizing 
this dual-purpose strategy allows clinicians to monitor 
whether or not an intervention is changing an outcome 
and to make circuitous "training" or intervention decisions 
based on the level of individual patient responsiveness [20]. 
Theranostics help doctors pace their treatments relative to 
when the treatment should be given and depending on what 
the patient's body can hold in terms of doses—in doing so, 
waiting for the patient's levels to change depending on when 

the treatment was last received. Getting the perfect dose – 
not more, not less – of the right therapy at the right time in 
a patient’s life [21]. Another main advantage of theranostics 
is that it overcomes the limitations of traditional empirical 
therapies by providing personalized and precision-guided 
treatment [22]. When they detect and treat infected areas 
precisely, collateral damage to healthy tissues would be 
diminished, and the risk for the emergence of resistant 
organisms would be increased because of theranostics 
[23]. This focused approach will likely improve therapeutic 
success, keep patients safe, and give them a worthwhile life 
[24]. Theranostics could also serve to combat multidrug-
resistant infections further and chronic infectious diseases, 
such as TB [25]. Theranostics is a field that combines 
diagnostic imaging and focused therapy delivery so 
clinicians can observe how they deliver therapy and note the 
progress or need for change [26]. This helps clinicians treat 
an infection in a fashion that can optimize effectiveness and 
minimize failure [27]. The advent of personalized infectious 
disease treatments is a huge step forward in managing these 
diseases. It can change how we diagnose and treat diseases 
in the future [28]. In summary, theranostic approaches are 
a transformative way to approach disease management, 
which marry precision diagnosis and targeted therapy 
supervised by real-time imaging feedback. Using nuclear 
medicine power, theranostics improves therapeutic efficacy, 
reduces adverse effects in patients, and, ultimately, increases 
patient outcomes. Theranostics facilitates personalized and 
precision-guided research that could likely be applied to 
infectious diseases.

Infectious Disease Surveillance and Epidemiology

Nuclear medicine plays a part in disease surveillance and 
public health; it is concerned with the surveillance and 
epidemiology of infectious diseases. These studies yield 

Radiotracer Target/Pathogen Imaging 
Modality Clinical Application

FDG (18F-fluorodeoxyglucose) Glucose metabolism PET Localization of infectious foci, monitoring treatment 
response

Ga-67 citrate Cellular uptake SPECT Detection of inflammatory and infectious lesions

TC-99 m labeled leukocytes Leukocyte 
accumulation SPECT Detection of soft tissue and bone infections

Tc-99m sulfur colloid Phagocytic activity SPECT Evaluation of abscesses and inflammatory processes

In-111 labeled white blood 
cells

Leukocyte 
accumulation SPECT Detection of occult infections and inflammatory diseases

F-18 fluoromisonidazole Hypoxia PET Identification of anaerobic infections and tumor hypoxia

UBI scan Bacterial infection SPECT Detection and localization of bacterial infections

Table 1. Common Radiotracers Used in Nuclear Medicine for Infectious Diseases
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important information about disease dynamics, transmission 
patterns, and population-level trends. Molecular imaging 
techniques such as positron emission tomography (PET) 
and single photon emission computed tomography (SPECT) 
are instrumental in tracking the pathogen’s worldwide 
transmission, identifying populations at highest risk, and 
gauging the efficacy of intervention strategies [29]. Due to 
the real-time and dynamic visualization of disease processes 
caused by PET and SPECT imaging, we can effectively use 
the technology to monitor the progression of infectious 
diseases within a community and individual [30]. Nuclear 
imaging techniques enable visualizing infectious lesions' 
spatial distribution and temporal evolution. Thus, they can 
provide insight into pathogens' dissemination patterns 
and identify potential transmission sources [31]. This 
knowledge is critically important to designing interventions 
targeted at interrupting the chains of transmission of the 
diseases or mitigating the spread of the infection [32]. In 
addition, integrated with the wealth of data from whole-
body signaling, nuclear imaging data could be easily inserted 
into mathematical models that predict outbreaks of diseases 
and guide public health responses [33]. Epidemiological 
models that incorporate spatial and temporal information 
from imaging studies of pathogen distributions can provide 
reliable forecasts of in which directions infectious diseases 
are most likely to emerge or re-emerge at specific times to 
predict with a high level of spatial accuracy which areas will 
be at most significant risk to establish hotspots of disease 
presentation and to guide how to survey best and contain the 
threat or respond most cost-effectively [34]. Including data 
from nuclear imaging may help public health investigators 
implement and evaluate various public health strategies, 
such as quarantine and vaccination measures, effectively 
controlling different infectious disease outbreaks in the 
given outbreak area [35]. Additionally, nuclear medicine 
assists in the identification and characterization of high-
risk populations of individuals, such as those with difficulty 
in their immunity, healthcare workers, and individuals 
in highly populated or resource-lagging environments. 
Nuclear imaging can indicate the presence of infectious 
disease, define its extent, and reveal regional distribution 
in vulnerable populations such as this patient population. 
This information helps to develop targeted interventions 
such as screening, vaccination campaigns, and health 
education to avoid onset in a more significant percentage of 
the population and possibly prevent further transmission 
[36]. To summarize, nuclear medicine is excellent because it 
helps to understand disease processes and helps in the fight 

against infectious diseases by providing exceptional tools 
for real-world surveillance and response epidemiology. EMR 
is a software-based technology used in healthcare settings 
to maintain computerized patient records, medication 
orders, and historical billing information. The software can 
be downloaded as an app for healthcare professionals to 
access patients' records to record further details about their 
illnesses. Nuclear Medicine advances our understanding of 
infectious diseases by using molecular imaging techniques 
and incorporating imaging data into epidemiologic models. 
It also contributes to evidence-based disease control and 
prevention strategies. Numerous strides in infectious 
disease diagnostics in nuclear medicine have been due to 
collaborations involving researchers, healthcare workers, 
and policymakers. These collaborations, in turn, contribute 
to global efforts to detect and manage these diseases and 
keep the community safe.

Emerging Infectious Diseases and Pandemic 
Preparedness

Nuclear medicine is essential in emerging infectious threats 
and pandemics, providing rapid and adaptable diagnostic 
capabilities to frontline healthcare professionals [37]. 
Nuclear medicine is characterized by its ability to quickly 
create and deploy carbon-11 and fluorine-18 labeled 
radiopharmaceuticals to address novel and emerging 
pathogens [38]. Molecular imaging and innovative radiotracer 
development combined with nuclear medicine techniques 
may also allow early recognition and characterization of 
infections, sometimes in advance of established diagnostic 
assays or protocols [39]. Rapid detection is the key to 
dealing with infectious diseases. Identification, preliminary 
containment, and treatment can often undermine the spread 
of the disease; poor or late detection or management can result 
in outbreaks [40]. The ability of nuclear medicine to provide 
precise anatomical localization and functional information 
without having any dire consequence to the patient enables 
healthcare providers to locate sites of infection accurately, 
measure the extent or spread of disease, and respond to 
treatment in real-time [41]. Another benefit of nuclear 
medicine is its ability to be portable or set up in an outlying 
location [42]. This ability makes it a valuable tool in pandemic 
preparedness and response. Portable imaging devices and 
mobile units with sophisticated imaging technology now 
permit onsite imaging in remote or resource-poor settings 
where access to conventional imaging modalities may be 
limited or infeasible [43]. This capability broadens the 
reach of diagnostic services. It enables healthcare providers 
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to rapidly deploy imaging resources to outbreak areas or 
pandemics, allowing for timely diagnosis and management 
of infectious diseases [44]. Additionally, nuclear medicine 
plays a role in pandemic preparedness beyond diagnostic 
imaging, including surveillance, epidemiology, and research 
[45]. Nuclear imaging data can be used in mathematical 
models to predict the spread of the disease in areas at high 
risk of outbreaks, aiding in public health responses [46]. 
Furthermore, nuclear medicine research has contributed 
to developing novel diagnostic and therapeutic approaches, 
such as theranostics, promising to improve patient outcomes 
in emerging infectious diseases and reduce the global burden 
of emerging infectious diseases [47]. In summary, nuclear 
medicine can be rapidly deployed for diagnostic purposes, 
often trumping other modalities because it can demonstrate 
organ-specific pathology (functional) before full-blown 
structural or anatomical changes [48]. It is portable and 
quickly set up in field-type scenarios, and because of its 
prompt availability, it can be a first mover during a high 
infectious crisis or pandemic [49]. Due to its ability to enable 
early detection and precise characterization, not to mention 
on-site imaging in remote or resource-limited settings, 
nuclear medicine can play a crucial role in augmenting 
pandemic and response efforts, ultimately facilitating the 
effective control and management of infectious diseases 
worldwide [50].

Point-of-Care Imaging and Resource-Limited Settings

The advances in miniaturized imaging devices and point-
of-care radiotracer production have drastically changed the 
accessibility of nuclear medicine in low-resource settings 
and, with it, how we diagnose and manage patients with 
infectious diseases [51]. Hand-held gamma cameras, micro-
single Photon Emission Computed Tomography (SPECT) 
systems, and smartphone-based imaging applications 
represent breakthroughs in technology that allow the rapidly 
expanding nuclear medicine community to provide their 
unique services directly to the point of care throughout the 
community and even in remote and underserved areas [52]. 
Portable gamma cameras, or handheld gamma cameras, 
are used for point-of-care imaging in clinical settings. They 
have compact detectors designed to be easily transported 
and used virtually anywhere [53]. Ideal for academia and 
pharmaceutical research applications, SPECT Flex systems 
are compact, benchtop gamma cameras that provide high-
resolution images of isotopes within mice and other small 
laboratory animals in vivo, ex vivo, and in vitro [54]. The 
systems provide 3D measurements of radioisotopes in 

cells and tissue. Miniaturized imaging systems are ideal 
for imaging modalities, including single-positron emission 
computed tomography (SPECT), single-photon emission 
tomography (SPECT/CT), and scintigraphy. Flex Scanner 
achieves 35-micron spatial resolution at 1cm, along with 
rotation, zoom, and other convenience functions. The 
system is suitable for development and research in various 
applications [55]. The employment of Flex Scanner eliminates 
the need for a commercial scanner offering a SPECT 
system. Multi-pinhole collimators are also enhancing the 
effectiveness of SPECT research, which provides images of a 
wide field of view (WFOV) [56]. Micro-SPECT is intended for 
laboratories rather than diagnostics (imaging) clinics. That 
being the case, micro-SPECT is designed with a workflow that 
meets the needs of labs focused on research and discovery 
[57]. Preclinical studies and preclinical evaluations of 
therapeutic interventions in field or remote settings have 
been facilitated with the advent of micro-SPECT systems, 
advancing the understanding of infectious diseases and the 
development of novel diagnostic techniques and therapeutic 
strategies [58]. In addition, technologies that rely on mobile 
smartphones to produce an image are fun because everyone 
has a smartphone; thus, the use smartphone-based imaging 
use altogether, thus do it to capture gamma rays and perform 
nuclear medicine imaging with the A smartphone-based 
gamma cameras or SPECT cameras, healthcare providers 
can perform molecular imaging at the point of care in a tiny 
fraction of the cost and size comparison to a traditional 
gamma camera or SPECT scanner [59]. So, with this on, killers 
can make nuclear medicine imaging using only a smartphone 
without any facility, etc. To summarize, the impact of 
technology is on the rise every day when it comes to Nuclear 
Medicine. With new technology, equipment innovations, and 
equipment development, the field is changing, and you can 
obtain results even faster than before. Low-dose information 
and technological advances have enabled us to provide care 
to areas we have previously been unable to. For instance, 
Mobile Care Unit: A mobile Unit takes a large truck. Once the 
car is parked, it becomes a care center. Patients are sent in 
and diagnosed by Radiology, cardiology, etc. There is a group 
of physicians and technologists in the year to provide care, 
including Nuclear Medicine.

Multimodal Imaging and Artificial Intelligence 
Integration

Multimodal imaging incorporating PET/CT, PET/MRI, and 
PET/ultrasound represents a significant advancement in 
Nuclear Medicine [60]. It allows for a more comprehensive 
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approach to disease evaluation and treatment planning for 
infectious diseases. Multimodality imaging takes the best 
features of each imaging modality, such as PET's molecular 
imaging and CT/MRI's anatomical imaging precision, 
allowing for complementary information that leads to more 
accurate diagnostics and the ability to target interventions 
better [61]. It is this ability to combine both the metabolic 
information from PET and the high-resolution anatomic 
images typically provided by CT into a single session and scan 
that has increased the specificity and accuracy of diagnosis 
or assessment of alternative or differential diagnoses, an 
approach that has now become established as the standard 
of care into routine clinical practice [62]. This is only one 
example of the value of combining both types of diagnostic 
imagery into a PET or PET/CT examination; studies have 
also shown the benefit of F-18 FDG PET/CT in diagnosing 
suspicious pulmonary nodules, characterizing solitary 
pulmonary nodules, staging non-small cell lung cancer, head 
and neck cancer, defining disease in patients with suspected 
recurrent of metastatic breast cancer after initial treatment 
and many more [63]. Many of these expected or standard 
conditions are discussed in greater depth later, with increased 
accuracy of diagnosis directly impacting or adopting an 
improved therapy pathway. As with CT, PET/CT is a painless, 
non-invasive procedure. It involves the injection of a tracer, 
a chemical labeled with a small amount of radioactivity, into 
a patient’s vein, usually on the inside of the elbow, which 
may have already been explained by your referring clinician 
or nurse. The vast majority of the tracers are given via the 
intravenous route. However, there are also selected tracers 
used within Nuclear Medicine procedures that are given 
orally, rectally, ocularly, and nasally. After an appropriate 
amount of time is allowed for the body to distribute the 
radioactive tracers, typically around 60 minutes, the next 
and often final stage is the PET/CT data acquisition. The 
patient is then asked to lie down on the PET/CT camera 
bed in a comfortable position. The arms are usually raised 
above the head to avoid unnecessary interposing structures 
within the field of view and to minimize the effect of any 
attenuation artifact on the images acquired [64]. A modality 
that combines the best of both is PET/MRI, which is limited 
by the availability of integrated PET/MRI scanners at this 
time. PET/MRI has the advantage of superior soft tissue 

contrast and functional imaging capabilities, which is 
particularly important in evaluating infectious lesions in 
complex anatomical regions or treatment-related changes 
over time [65]. Another area of promise is the integration 
of artificial intelligence algorithms with nuclear medicine 
imaging data to improve diagnostic accuracy and efficiency 
in infectious disease management [66]. AI-driven imaging 
analysis techniques such as machine learning and deep 
learning algorithms can automatically analyze and interpret 
nuclear medicine images, thereby allowing rapid objectives 
and highly accurate identification of infectious lesions, 
quantifying disease burden, and predicting treatment 
outcomes [67]. Moreover, DSSs based on computational 
intelligence can also help clinical practitioners make 
clinical decisions by recommending empirical results-based 
suggestions concerning personalized treatment techniques 
and considering patients’ individual characteristics and 
medical conditions [68]. Also, AI algorithms and image 
processing techniques will increase sensitivity and specificity 
and facilitate pattern recognition and feature extraction 
from Nuclear Medicine imaging data [69]. This will help 
to find subtle imaging biomarkers indicative of infection 
or disease progression. Machine learning algorithms can 
learn patterns in large data sets, allowing them to view 
disease patterns in large quantities. Also, machine learning 
algorithms can improve understanding of infectious disease 
pathophysiology and provide findings that lead to a more 
accurate diagnosis [70]. Using complementary imaging 
techniques and leveraging artificial intelligence with 
impressive accuracy promises to change infectious disease 
management by offering imaging surrogates to heighten 
diagnostic precision, personalized treatment planning, and 
optimize outcomes. By combining all of this information in 
nuclear medicine, we can utilize techniques such as artificial 
intelligence to perform image and model analysis to predict, 
track, and treat diseases. Thus, nuclear imaging can be 
integrated into the current revolution in precision medicine 
to model or predict disease and may have the potential to 
compare US and non-US populations with disease and 
hence reduce or eliminate the disease. Table 2 summarizes 
the different imaging techniques used in nuclear medicine 
for infectious diseases, and Table 3 summarizes the AI 
applications in nuclear medicine for infectious diseases.



ISSN : 2572-6420 

7

Mathews Journal of Cardiology

https://doi.org/10.30654/MJC.10035

CASE STUDIES AND CLINICAL EXAMPLES

Advancements in developing novel radiopharmaceuticals 
and imaging systems have significantly expanded nuclear 
medicine's diagnostic and therapeutic applications in 
infected patients [71]. These innovative technologies 
have also called for the collaboration of multidisciplinary 
teams to encompass the inherent clinical and molecular 
imaging components [72]. Recent case studies and clinical 
examples provide clear evidence of the versatility and 
efficacy of nuclear medicine techniques in diagnosing, 
managing, and monitoring infectious diseases in various 
clinical backgrounds [73]. Nuclear imaging modalities have 
become a prerequisite for infection detection and viral load 
monitoring in HIV/AIDS patients [74]. They have changed 
how diseases are managed and led to a better understanding 
of disease pathophysiology and personalization of the 
disease process [75]. For example, in patients with fever of 
unknown origin, a diagnostic dilemma, nuclear medicine 
plays a vital role by helping to localize infectious foci and 
direct therapy [76]. With the use of gallium-68 labeled 
radiotracers in conjunction with PET/CT imaging, the 
sources of infection can be accurately identified, and 
inflammatory and infectious etiologies can be differentiated 
[77]. It helps develop a prompt initiation for effective 
antimicrobial therapy or interventional radiologic drainage 
and or surgical intervention, culminating in better patient 
outcomes and less morbidity. In addition, nuclear medicine 
is also used through Nuclear Medicine imaging techniques. 
There, you can track viral infections like HIV/AIDS without 
having to do anything harmful to the patient's body. It has 
helped let people know how far they are in the so-called ''gay 

camera test''. The flu dose imaging utilizing the radiolabeled 
antiretroviral drugs provides a numerical representation 
of viral charge in explicit anatomical compartments such 
as lymphoid tissues or the central nervous system. This 
gives healthier individuals information on how to optimize 
antiretroviral hug psychotherapy regimens and to evaluate 
their well-being for surgery, all recent one for time. 
Molecular imaging techniques like PET/CT or PET/MRI can 
detect opportunistic infections and malignancies associated 
with HIV/AIDS. This allows for early intervention and 
helps produce better clinical outcomes. When dealing with 
suspected bacterial infections, nuclear medicine imaging 
techniques such as leukocyte scintigraphy or labeled white 
blood cell imaging can offer the utmost sensitivity and 
specificity for the detection of infectious foci and to assess 
or monitor response to treatment [78]. Visualization of 
inflammation cell recruitment to infection sites allows the 
most excellent certainty about localizing the infectious lesion. 
It directs antimicrobial therapy, thus making it successful, 
and minimizes the probability of resistance development or 
treatment failure. Nuclear medicine is vital in understanding 
and treating infectious diseases like osteomyelitis and bone 
or bone marrow infection. Variants of osteomyelitis that 
can be studied through nuclear medicine include acute, 
subacute, chronic, and others. Shingles, an infection caused 
by the same virus as chickenpox, can be studied through 
nuclear medicine to detect Postherpetic neuralgia, a common 
complication of shingles [79]. Doctors will often look for a 
high FDG (fludeoxyglucose) uptake because they suspect 
additional undetected sources of cancer. This will be done 
where a patient has recently had shingles. Nuclear medicine 

Imaging Modality Description Clinical Application

PET/CT Combined PET and CT imaging Precise localization of infectious lesions, staging of infections

PET/MRI Combined PET and MRI imaging High soft tissue contrast, evaluation of complex anatomical regions

SPECT Single Photon Emission Computed Tomography Detection of inflammatory and infectious lesions

PET/ultrasound Combined PET and ultrasound imaging Real-time anatomical and functional imaging, guided biopsies

Table 2. Imaging Techniques in Nuclear Medicine for Infectious Diseases

Table 3. Artificial Intelligence Applications in Nuclear Medicine for Infectious Diseases

Application Description Clinical Impact

Automated Image Analysis AI algorithms for image interpretation Improved diagnostic accuracy, reduced interpretation time

Pattern Recognition AI-based pattern recognition Identification of subtle imaging biomarkers, disease phenotypes

Decision Support AI-driven decision support systems Personalized treatment planning, evidence-based recommendations
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agents use different imaging methods to diagnose and treat 
infectious diseases: SPECT/CT, some biomedical images, 
and Freehand SPECT/CT, PET, and CT [80]. Some diseases 
can be diagnosed with many of the imaging methods, while 
others may only require the use of biomedical images. On 
the other hand, some diseases require Freehand SPECT/ 
CT to diagnose the disease. There are many reasons 
why nuclear medicine applications are beneficial in the 
medicinal world and the human body. Medics use what they 
learn from nuclear medicine to treat their patient better, 
using the info from nuclear medicine and finding out what 
is best for the patient and better ways to treat the patient 
with fewer side effects and pain. Progress in explaining and 
expanding the understanding of nuclear medicine is helping 
move efficiently within the nuclear medicine process. The 
inventions, techniques, and equipment being used are 
relatively new, and the look and formulation of teaching 
nuclear medicine sciences can take advantage of this new era 
of nuclear medicine procedures to level up the profession in 
the medical industry.

FUTURE DIRECTIONS AND CHALLENGES

Nuclear medicine is in a unique position to play an 
essential role in managing infectious diseases, and many 
new opportunities exist in this area to improve diagnostic 
accuracy, influence therapeutic outcomes, and advance the 
new understanding of this group of diseases [81]. There 
are also many barriers to the full exploitation of nuclear 
medicine in the management of infections, including 
suboptimal knowledge of the impact of infectious disease 
and difficulty translating the available evidence from the 
bench to the patient's bedside [82]. Developing newer 
radiotracers has been the foremost opportunity in nuclear 
medicine to treat different emerging causes of diseases 
[83]. The reason behind this is the evolution and adaptation 
of infectious agents. Radiopharmaceuticals will help 
accurately detect and characterize newer disease-causing 
agents like Emerging viruses, drug-resistance bacteria, 
and fungal diseases. Researchers, industrial partners, 
and regulators should combine to achieve this. These are 
very much necessary for the growth of nuclear medicine. 
The investigation of newer radiotracers that can generate 
better specificity and sensitivity with an improved safety 
profile should be considered [84]. Another aspect required 
for nuclear medicine to participate efficiently in infectious 
disease management is optimizing imaging protocols to 
enhance their sensitivity and specificity. This involves 
refining imaging techniques such as PET, SPECT, and hybrid 

imaging modalities to improve spatial resolution, reduce 
image noise, and better enable visualization of infectious 
lesions. Furthermore, incorporating advanced image 
reconstruction algorithms and machine learning techniques 
will enhance image quality and accuracy, ensuring early 
detection and precise localization of infectious foci [85]. A 
remaining major challenge for nuclear medicine in infectious 
disease management is the regulatory and logistical barriers 
associated with radiotracer production and distribution. 
Regulatory hurdles for approval and disquieting irradiation 
as a service can differ among countries, making the transition 
from bench to bedside lengthy [86]. Harmonization of 
radiotracer requirements, including regulatory approvals of 
radiotracer production and, where necessary, networking 
of services, would facilitate timely access to new diagnostic 
radiotracers for clinical management of PID. In addition, to 
overcome these challenges and achieve the full potential 
of nuclear medicine in treating infectious diseases, it 
is necessary to create an environment of stakeholder 
collaboration. Collaboration between researchers, healthcare 
providers, policymakers, and industry partners allows 
for the exchange of knowledge, the sharing of resources 
and the use of multidisciplinary approaches to deal with 
complex challenges in infectious disease management [87]. 
Collaboration between stakeholders can also accelerate 
scientific discoveries into clinical applications, optimal 
pathways of patient care, and improved health outcomes 
for patients affected by infectious diseases. Therefore, any 
unprecedented technological achievements in nuclear 
medicine will enhance our prospects of diagnosing, treating, 
and managing infectious diseases more accurately, which 
we all want. By identifying specific challenges and using 
new opportunities when they arise, nuclear medicine could, 
therefore, have a fundamental role in worldwide efforts to 
control infectious diseases and in helping us to contribute 
to better health outcomes for our patients and the public. 
Achieving complete success in nuclear medicine and 
infectious diseases will, however, require the cooperation 
and collaboration of all parties. While thoroughly discussing 
nuclear medicine's role in fighting infectious diseases, the 
article has some minor limitations. Firstly, its scope may be 
narrow, potentially excluding certain diseases or regions 
and slightly compromising the generalizability of findings. 
Secondly, reliance on published literature introduces 
potential biases and data quality concerns. Lastly, logistical 
challenges in radiotracer production and distribution, 
particularly in resource-limited settings, have not been 
thoroughly explored. The focus on urban settings neglects 
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disparities in rural areas.

CONCLUSION

Nuclear medicine holds significant potential in the battle 
against infectious diseases, providing distinctive diagnostic 
and therapeutic capabilities, although definitive methods with 
absolute confidence are yet to be established. Technological 
advances in imaging devices, radiotracer production, and 
integration with artificial intelligence make this field valuable 
in improving diagnosis, treatment, and surveillance. The 
development and application of several imaging modalities, 
including FDG-PET, Gallium, and newer techniques such 
as PET/CT and PET/MR, have shown promise in the 
precision of infections. By developing novel radiotracers 
to identify specific pathogen biomarkers or metabolic 
pathways, physicians can diagnose and monitor treatment 
response more accurately and tailor therapies to the pre-
individual. Integrating artificial intelligence algorithms with 
nuclear medicine imaging data has been shown to enhance 
diagnostic accuracy, improve interpretation efficiency, and 
optimize treatment planning. By elucidating occult patterns, 
Machine learning and deep learning techniques (e.g., neural 
networks, many-layered artificial neural networks, hybrid 
models, or both) can predict disease evolution, thus further 
assisting in clinical decision-making. Collaboration is needed 
among the research community, regulatory agencies, public 
health organizations such as the World Health Organization, 
industry partners, and health care providers for nuclear 
medicine to reach its full potential in combating infectious 
diseases. Nuclear medicine will be a central component 
of the future of infectious disease management and has 
the potential to provide innovative solutions to infectious 
disease diagnostics, treatment, and pathogen surveillance.
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