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Abstract- Microbial forensics has emerged as a critical 

discipline in contemporary investigations, ranging 

from post-mortem interval estimation through 

Thanatomicrobiome analysis to the attribution of 

biological threats in bioterrorism. By examining 

bacteria, viruses, and fungi, scientists can trace 

infection sources, distinguish natural outbreaks from 

intentional events, and support criminal 

investigations. The Thanatomicrobiome—microbial 

communities associated with a body after death—

undergoes predictable succession patterns that assist 

in estimating time since death. This article explores the 

intersection of forensic microbiology with ethical and 

legal challenges, emphasising microorganisms as vital 

trace evidence aligned with Locard’s exchange 

principle. It outlines the technical workflow from 

sample collection and DNA extraction to genomic 

sequencing and bioinformatic analysis, underscoring 

the need for stringent protocols to prevent 

contamination and bias. The study further examines 

courtroom admissibility standards, including Daubert 

and Frye criteria, highlighting the demand for 

scientific validation and reproducibility. Key concerns 

such as misinterpretation, privacy risks, biosecurity, 

and the dual-use dilemma are addressed. Ultimately, 

the paper proposes a balanced ethical framework that 

integrates scientific rigour, legal accountability, and 

responsible innovation to ensure microbial forensics 

contributes effectively to justice, public health, and 

global security. 

Keywords- Microbial Forensic, Thanatomicrobiome, 
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I.INTRODUCTION 

“Microbial forensics” has been defined as “a 

scientific discipline dedicated to analysing evidence 

from a bioterrorism act, bio crime, or inadvertent 

microorganism/toxin release for attribution 

purposes” (Bud Owle et al., 2003). Microbial 

forensics is an interdisciplinary area of science that 

combines microbiology, genomics, bioinformatics, 

and forensic science to investigate microorganisms 

as evidence in criminal, public health, and national 

security cases. This area of science has emerged as a 

distinct field of research and application since the 

anthrax attacks in the United States in 2001. 

Microbial forensics combines concepts from 

molecular biology and epidemiology to trace the 

origin of a microorganism, distinguish between 

naturally occurring and deliberately released 

biological events, and provide evidence in legal 

proceedings. One of the most important areas of this 

field of science is the Thanatomicrobiome, which 

refers to the microbial communities that colonize 

and interact with a dead body. The 

Thanatomicrobiome can be used to estimate the 

postmortem interval, reconstruct events surrounding 

death, and distinguish between environmental 

contamination and biological processes that occur 

during decomposition (Gulnaz T Javan et 

al.,2019).  In addition to postmortem analysis, 

microbial forensic analysis also involves trace 

evidence and identification, in which 

microorganisms that leave traces of their presence 

on objects, soil, water, and human skin can be used 

to link individuals to places and events. These 

microbial “fingerprints” can sometimes be used 

when other forensic evidence is not available. 

The analytical process in microbial forensics usually 

involves a “sample-to-sequence” approach, which 

starts with careful evidence collection, preservation, 

and chain-of-custody analysis, followed by DNA 

extraction, sequencing, which may involve next-

generation sequencing platforms, and sophisticated 

bioinformatic analysis. Although this process 

provides high-resolution microbial strain 

identification, it also poses risks of 

misinterpretation. Microbial communities are 

complex and subject to environmental fluctuations, 
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host variables, contamination, and laboratory bias. 

Misinterpretation can result from incomplete 

reference databases, over-interpretation of statistical 

results, or neglect of ecological complexity. 

Therefore, it is important to define courtroom 

standards for reliability. To be admissible in court, 

microbial evidence must meet legal standards of 

scientific validity, replicability, peer review, known 

error rate, and uniform methodology. Probabilistic 

results and their limitations must be effectively 

communicated to prevent misinterpretation of 

confidence levels in the courtroom. 

Ethics are at the forefront of microbial forensics. The 

issue of dual use is a reminder that the same tools 

that make it possible to attribute a pathogen and 

protect public health could be diverted for nefarious 

aims. Scientific inquiry that can improve the 

understanding of microbial virulence, genome 

editing, or pathogen reconstruction could have the 

unintended consequence of reducing the hurdles of 

bioterrorism. Biosecurity efforts are designed to 

protect against the misuse of biological materials, 

information, and knowledge, and laboratory security 

and responsible research practices are intended to 

ensure proper handling of high-risk microorganisms, 

controlled access to sensitive information, personnel 

reliability programs, and oversight committees. 

Responsible research conduct includes transparency, 

ethical review, compliance with biosafety 

regulations, and adherence to international 

conventions addressing biological weapons. In the 

context of bioterrorism investigations, microbial 

forensics plays a crucial role in attribution—

identifying whether a pathogen release was 

deliberate and tracing it to a source—thereby 

supporting law enforcement and national defense 

efforts. Beyond security, applications extend to 

outbreak tracking, food safety investigations, 

environmental monitoring, wildlife conservation, 

and public health surveillance. As the field continues 

to evolve, balancing scientific innovation with 

ethical responsibility, legal robustness, and global 

biosecurity remains fundamental to ensuring that 

microbial forensics serves justice and societal 

protection without exacerbating the very risks it 

seeks to mitigate. 

II.TRACE EVIDENCE AND IDENTIFICATION 

Microbial forensics is an emerging scientific 

discipline that applies specialized methods to 

analyze microorganisms—bacteria, viruses, fungi, 

and their DNA—to gain investigative leads in 

criminal and civil cases. By adapting Locard’s 

Exchange Principle ("every contact leaves a trace"), 

this field treats the unique microbial communities 

(microbiomes) left at crime scenes or on suspects as 

evidence to link individuals to places or objects (K 

Lane Warmbrod et al.,2020). Types include human 

microbiomes from skin/body fluids, environmental 

samples (soil, water), and specialized agents like 

anthrax spores or, in some cases, pollen, aiding in 

geolocation, post-mortem interval (PMI) estimation, 

and identity verification (Ricardo Araujo.,2010). 

Microbial evidence collection requires stringent 

sterile techniques, using specialized tools to avoid 

contamination and maintain viability for forensic 

analysis. Key practices include using sterile swabs, 

maintaining a proper chain of custody, and 

immediate, appropriate storage—such as 

refrigeration or freezing at for long-term 

preservation. Wet samples must be air-dried to 

prevent bacterial overgrowth (Hostettler et al., 

2013). To identify microbes, scientists use three 

primary approaches: phenotypic, genotypic, and 

proteomic. While traditional cultivation remains a 

baseline, these modern molecular tools allow for 

rapid, accurate identification. Microbial 

fingerprinting uses advanced DNA sequencing and 

molecular techniques to identify unique microbial 

communities, acting as a powerful tool for forensic 

identification, tracking environmental changes, and 

analyzing ecological processes.  

Together, they enable researchers to map the 

microbial succession necessary for forensic analysis 

and environmental monitoring (George F 

Sensabaugh.,2009). Microbial forensics is an 

emerging, multidisciplinary field that applies 

scientific methods to analyze microbial evidence 

(bacteria, viruses, fungi) for legal, criminal, and 

investigative purposes. (Manuela Oliveira, António 

Amorim.,2018). The Reliability and Limitations in 

microbial forensic is currently limited by a lack of 

standardization, the dynamic nature of microbial 

communities, and the high complexity of 

environmental samples (Bruce Budowle et 

al.,2008). It fundamentally leverages the, 

omnipresence, stability, and high inter-individual 

variability of human and environmental 

microbiomes to link suspects, victims, and locations. 
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III.SAMPLE TO SEQUENCE 

Microbial forensics utilizes advanced DNA 

sequencing—specifically NGS and nanopore 

technologies—to analyze microbial communities 

from crime scene samples (soil, skin, body fluids) to 

identify individuals, determine postmortem 

intervals, and reconstruct events (David Oet al., 

2017). Microbial forensic sample collection 

involves the systematic identification, collection, 

and preservation of microorganisms—such as 

bacteria, viruses, and fungi—from crime scenes to 

aid in attribution, using techniques like 

dry/moistened swabbing, surface wiping, or 

vacuuming (Bruce Budowle et al.,). Common 

samples include bodily fluids (blood, semen, saliva), 

tissues, environmental swabs, soil, water, and food, 

often analyzed for specific microbial profiles (David 

Oet al.,2017). Microbial forensic sample processing 

and preservation involves the systematic collection, 

stabilization, and storage of biological evidence to 

maintain integrity for analysis, such as DNA 

sequencing or culture. Key practices include using 

sterile, DNA-free equipment to avoid 

contamination, maintaining strict chain of custody, 

and employing rapid drying, freezing,or chemical 

stabilization to prevent degradation( Jenifer AL 

Smith.,2011).  

Nucleic acid extraction in microbial forensics 

isolates high-quality DNA/RNA from 

microorganisms at crime scenes to identify culprits 

or sources, often using automated silica-based or 

magnetic bead methods to handle small, degraded, 

or complex samples(Steven B Lee, Jaiprakash G 

Shewale.,2006). Sequencing technologies, 

particularly Next-Generation Sequencing (NGS) 

and third-generation platforms like Oxford 

Nanopore (ONT), have revolutionized microbial 

forensics by enabling rapid, high-throughput 

analysis of complex microbial communities. 

Bioinformatics in microbial forensics involves using 

advanced computational tools, algorithms, and 

databases to analyze high-throughput sequencing 

data (metagenomics) for identifying, characterizing, 

and tracing microbes in criminal, bioterrorism, or 

legal investigations (Rachel Shadoff, Mary Anne 

Panoyan, Nicole Novroski.,2022).  

Quality assurance (QA) and validation in microbial 

forensics ensure that methods for analyzing 

biological evidence are reliable, reproducible, and 

legally defensible for identifying perpetrators of 

biocrimes (Joseph M.,2005). A robust sample-to-

sequence pipeline is the backbone of modern 

genomic surveillance, bridging the gap between raw 

biological data and actionable insights. By 

standardizing every step from extraction to analysis, 

it minimizes human error, ensuring high scientific 

accuracy and reproducible results (Frances D Pitt et 

al.,2016) In the realm of public safety, this efficiency 

is vital; it enables the rapid identification of 

emerging pathogens, allowing health officials to 

respond to outbreaks with precision and speed. 

IV.THANATOMICROBIOME 

The Thanatomicrobiome is the study of microbial 

communities (bacteria and fungi) residing in internal 

organs and cavities after death, playing a crucial role 

in decomposition. Derived from the Greek thanatos 

(death), it is a key forensic tool for calculating the 

postmortem interval (PMI) and identifying cause of 

death. It focuses on how microorganisms change, 

migrate, and reproduce after host death, specifically 

in organs like the brain, heart, liver, and 

spleen(Gulnaz T Javan et al.,2019).  It acts as a 

"microbial clock," where analyzing changes in 

microbial composition provides more accurate PMI 

estimates than traditional methods, especially in 

advanced stages of decomposition. (Y Kalanjali, 

Arjun Rao Isukapatla.,2025). 

Thanatomicrobiome research evolved from the 1916 

discovery by Fredette that internal organs are not 

sterile, showing a 35% microbial presence that 

increases with the Postmortem Interval (Carlo Pietro 

Campobasso et al., 2022). By the 2000s, focus 

shifted to microbial translocation, identifying the 

migration of gut bacteria as the primary driver of 

decomposition (Markus M et al.,2017). The 2010s 

Next-Generation Sequencing (NCS) revolution 

replaced limited culture methods with 168 "RNA 

analysis, allowing for the identification of 

"unculturable" bacteria and predictable community 

successions (Rob Knight.,2015). 

The source include gut microbiome regulates 

digestion and metabolism, while skin and 

respiratory microbiota act as the first line of defense 

against pathogens (Susan L. Prescott and Alan C. 

Logan). Factors include temperature, oxygen 

availability, moisture, the cause of death, burial, 

including soil type and depth, which alter the 

microbial succession in tissues like the liver, brain, 

and blood (Holly Lutz et al; Frontiers in 

microbiology 11, 569630, 2020). Future directions 

in Thanatomicrobiome research focus on improving 
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the accuracy of Postmortem Interval (PMI) 

estimations by leveraging high-resolution 

metagenomics, metabolomics, environmental 

impacts on decomposition, including insect, soil, 

and seasonal influences and machine learning to 

map microbial succession during decomposition 

(Bruce Budowle). 

V.RISK OF MISINTERPRETATION 

Microbial forensics is a specialized scientific 

discipline dedicated to analyzing evidence from 

bioterrorism acts, bio crimes, hoaxes, or the 

inadvertent release of microorganisms and toxins 

(Bruce Budowlet al).Misinterpretation is the act of 

incorrectly understanding, explaining, or translating 

something, often leading to confusion, conflict, or 

errors in judgment( Roger Kreuz and Richard 

Roberts).Microbial ecology is the study of 

microorganisms like bacteria, archaea, viruses, 

fungi, and protists and their relationships with each 

other, with higher forms of life, and with their 

abiotic surroundings. Microbes are ubiquitous, 

inhabiting every imaginable environment on Earth, 

from the human gut to deep-sea vents, and are 

fundamental to the planet's biosphere (Cynthia M 

Kallenbachet al;2016). In microbial forensics, the 

interpretation of evidence is heavily dependent on 

the quality of the samples collected from complex, 

often heterogeneous environments (Linzi Wilson-

Wilde,2023). 

Sampling errors defined as the failure to acquire 

representative samples or the introduction of 

contaminants during collection, handling, and 

storage are critical sources of misinterpretation that 

can lead to false-negative or false-positive results 

(Susan J Hsiao, 2019). The legal and investigative 

consequences of microbial forensics are significant, 

shaping how bio-crimes are investigated, 

prosecuted, and managed in public health contexts. 

It plays a critical role in supporting law enforcement, 

intelligence, and policy decisions by aiming to link 

a specific pathogen to a source or perpetrator(Paul 

Keim, 2003). Reducing misinterpretation in 

microbial forensics requires a multi-layered 

approach that spans from initial sample collection to 

final data analysis, focusing on maintaining sample 

integrity and ensuring that analytical methods are 

rigorously validated(Bruce Budowle et al; 2005). 

Microbial forensics involves the use of 

microbiological techniques to analyse evidence for 

identifying the source of a pathogen, tracing its 

transmission, or characterizing an agent for criminal, 

bioterrorism, or legal investigations. While 

promising for justice and security, the field raises 

complex ethical, legal, and social issues, primarily 

surrounding privacy, data security, and the potential 

for misuse (Vasundhara Sharma, 85). In microbial 

forensics, the risk of misinterpreting evidence is 

inherent due to the complex, evolving nature of 

microbial communities and the potential for 

environmental contamination. While it is impossible 

to eliminate this risk entirely, it can be minimized 

through rigorous, validated, and standardized 

procedures. 

VI.COURTROOM RELIABILITY STANDARDS 

The standards of courtroom reliability in microbial 

forensics are essential for ensuring that complex 

genomic and microbiologic evidence is both 

scientifically valid and legally admissible. As the 

conclusions of microbial forensic analyses 

frequently involve the application of cutting-edge 

molecular approaches, such as whole-genome 

sequencing, phylogenetic analysis, and 

metagenomic profiling, courts demand that these 

approaches satisfy specific legal criteria for the 

admissibility of expert evidence. In the United 

States, for instance, the criteria for admissibility are 

typically assessed by the Daubert Standard(Randall 

S. Murch, Elizabeth L. Bahr.,2011). which 

considers whether a scientific approach has been 

tested, peer-reviewed, has known or potential rates 

of error, follows standardized procedures, and is 

generally accepted within the appropriate scientific 

community; in other cases, the criteria also include 

the Frye Standard, which focuses on general 

acceptance. In this context, microbial forensic 

laboratories must be able to show that their sample-

to-sequence processes are validated, that 

contamination is strictly controlled, that results are 

reproducible in independent laboratories, that 

bioinformatic analyses are transparent, and that 

reference databases are well-characterized. 

Documentation of chain of custody and laboratory 

accreditation are additional measures that enhance 

the credibility of evidence. Notably, experts must be 

able to communicate their statistical confidence 

levels, assumptions of population genetics, and the 

ecological variability of microbial communities to 

avoid misrepresentations of confidence. Because 

microbial populations have the potential to adapt 

quickly and may be affected by environmental and 

laboratory variables, issues of mixture analysis, 

completeness of databases, and algorithmic analysis 
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bias are closely examined in the courtroom. In the 

end, the reliability requirements of the courtroom 

require more than technical competence; they 

require clarity, transparency, and sound 

communication practices(Randall 

S. Murch, Elizabeth L. Bahr.,2011). 

In addition to the principles of admissibility and 

methodological validation, there are other 

considerations that may affect the challenge 

resistance of microbial forensic outcome data in 

court. These include expert qualifications and 

competence, where the court assesses the training, 

experience, publication record, and real-world skills 

of the expert who offers the data. Expertise 

established by proficiency testing, inter-laboratory 

comparison studies, and continuing education may 

enhance this. Forensic laboratory accreditation to 

international standards of quality, such as the 

International Organization for Standardization 

(notably ISO/IEC 17025), may provide direct proof 

of competence and quality management 

(Linzi Wilson-Wilde., 2018). 

Furthermore, the harmonization process that is 

conducted by scientific advisory bodies, such as the 

National Institute of Standards and Technology, also 

plays a role in the development of reference 

materials, benchmarking datasets, and best practices 

that improve consistency. Ethical disclosure 

practices, such as the acknowledgment of sources of 

funding or potential conflicts of interest, also 

improve objectivity. In this regard, process, 

institutional, and transparency-related factors 

improve judicial confidence in the reliability and fair 

representation of outcomes from microbial analysis 

in adversarial litigation. 

VII.DUAL USE – DILEMMA 

The problem of dual use in microbial forensics is the 

challenge of using the same scientific knowledge, 

technology, and methodology that can be applied to 

protect public health and advance the capabilities of 

investigations for a beneficial purpose but could be 

applied for a harmful purpose. The advancements 

that have been made in the fields of microbial 

genomics, synthetic biology, genome editing, and 

high-throughput sequencing have improved 

outbreak attribution, source tracking, and 

preparedness for biodefense, but these 

advancements have also lowered the barriers for the 

manipulation, improvement, or reconstruction of 

pathogenic microbes. For example, scientific 

research that seeks to advance the understanding of 

virulence factors, transmissibility, and persistence 

can be applied to develop medical countermeasures 

to protect public health, but it can also be applied to 

inform bioterrorism activities (S Miller, MJ 

Selgelid, 2008) . 

This dualism creates a complex of ethics for 

scientists, organizations, and governments, who are 

caught up in the need to facilitate openness in 

scientific communication while ensuring that there 

are not avenues for misuse. Although international 

agreements such as the Biological Weapons 

Convention draw attention to the need to ensure that 

there is not development of biological weapons 

while facilitating the peaceful uses of biological 

research, the enforcement of these agreements is 

largely dependent on national regulatory 

frameworks. Organizations can facilitate review 

processes that are consistent with recommendations 

from organizations such as the World Health 

Organization to review research proposals for dual 

use, facilitate risk-benefit analysis, and develop 

strategies to mitigate risks, which can include 

controlled access to sensitive information, personnel 

reliability screening, and ethics training. The dual 

use dilemma draws attention to the need for the 

scientific community to be aware of the potential 

consequences of innovation and to ensure that 

advances in microbial forensics do not increase 

biological risk. 

However, the educational responsibilities are also a 

crucial aspect of addressing dual-use problems. The 

incorporation of bioethics education, threat 

awareness, and risk assessment of scenarios into 

microbiology and biotechnology education 

programs will instill a culture of awareness among 

the upcoming scientists. Professional societies are 

also encouraging a code of ethics that focuses on 

awareness, protection of whistleblowers, and 

accountability for the misuse of knowledge. 

International collaboration is also necessary since 

biological threats do not respect national boundaries; 

there could be weaknesses if there is a lot of 

variability in the infrastructure among different 

nations. Enhancing global surveillance networks, 

harmonizing export controls for materials of high 

concern, and engaging in capacity-building 

initiatives in developing nations could ensure more 

consistent global stewardship. Ultimately, the only 

way to address dual-use problems is to have an 

ongoing dialogue among scientists, policymakers, 

https://scholar.google.com/citations?user=FtHTE28AAAAJ&hl=en&oi=sra
https://scholar.google.com/citations?user=016mmykAAAAJ&hl=en&oi=sra
https://scholar.google.com/citations?user=016mmykAAAAJ&hl=en&oi=sra
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security professionals, and civil society to ensure 

that scientific progress happens with foresight, 

balanced protection, and a common objective of 

preventing catastrophic misuse (S Miller, MJ 

Selgelid, 2008).  

VIII.LAB SECURITY AND RESPONSIBLE 

RESEARCH 

Laboratory security and responsible research are the 

fundamental cornerstones of microbial forensic 

science, which ensures that laboratories working 

with pathogenic microbes, genetic material, and 

analytical data of a sensitive nature are operated 

under strict protective and ethical guidelines. 

Laboratory security encompasses physical and 

procedural measures designed to prevent 

unauthorized access, theft, diversion, or accidental 

release of dangerous biological agents. This includes 

controlled access systems, surveillance, secure 

storage of cultures and reagents, tracking of 

biological materials, genomic database security, and 

strict personnel reliability screening. Laboratories 

working with higher-risk microorganisms must 

adhere to graded levels of containment, including 

Biosafety Level (BSL) classifications, which outline 

infrastructure design, air control, waste 

management, and personal protective equipment 

(Bruce Budowle, Randall Murch, Ranajit 

Chakraborty.,2005). 

Centers for Disease Control and Prevention, among 

other regulatory agencies, provide biosafety and 

biosecurity guidance to prevent potential risks 

associated with laboratory work. Responsible 

research, on the other hand, requires more than 

physical security and entails issues of ethics, 

openness, accountability, and awareness. It requires 

rigorous training in biosafety protocols, strict 

adherence to institutional review procedures, and 

compliance with national and international laws 

governing the use of select agents and dual-use 

research.  

Research proposals are reviewed by ethics review 

boards for the potential for misuse, weighing the 

benefits of scientific advance against the potential 

for harm. Record integrity, accurate reporting of 

research results, and prompt notification of 

laboratory accidents are essential components of 

responsible research. Furthermore, the 

encouragement of a responsible research culture 

within research institutions, in which researchers 

recognize their own responsibility to the health and 

security of society, may improve preventive 

measures against irresponsible use or misuse. In the 

field of microbial forensics, for example, strict 

adherence to secure chain-of-custody procedures, 

protection of sensitive attribution data, and 

confidentiality during active investigations are 

essential to maintaining scientific integrity and legal 

integrity ( Bruce Budowle, Randall Murch, Ranajit 

Chakraborty.,2005). 

IX.APPLICATION 

Examples of the applications of microbial forensics 

include criminal justice, public health, 

environmental protection, and national security. The 

first application of microbial forensics is in biocrime 

and bioterrorism. In this application, advanced 

genomic and microbiological analysis is used to 

determine whether a biological event is naturally 

occurring or intentionally caused. Following the 

2001 anthrax attacks in the United States, microbial 

forensic analysis played a significant role in tracing 

the spores back to their laboratory of origin, thus 

proving the importance of microbial forensics in 

attribution and legal accountability. In this 

application, organizations such as the Federal 

Bureau of Investigation collaborate with scientific 

organizations to integrate genomic information into 

criminal investigations. This application not only 

serves as a means of prosecution but also serves as a 

preventive measure against the use of biological 

agents (Bruce Budowle et al.,2014). 

In public health, microbial forensics enhances 

outbreak investigation and epidemiological 

surveillance. Through whole-genome sequencing 

and phylogenetic analysis, scientists are able to 

reconstruct the transmission chain, identify whether 

cases are related or unrelated, and monitor the 

evolution of antimicrobial resistance. In infectious 

disease outbreak management, microbial forensics 

enhances outbreak response by enabling rapid 

source identification and targeted outbreak control. 

Global organizations such as the World Health 

Organization have incorporated genomic 

surveillance into global health security architectures 

to monitor global transmission of pathogens. Apart 

from human health, microbial forensic analysis has 

applications in food safety investigations to monitor 

the source of the contamination and prevent the 

further distribution of the contaminated product. 

Applications in the environment and ecology are 

also of great importance. The analysis of 

https://scholar.google.com/citations?user=FtHTE28AAAAJ&hl=en&oi=sra
https://scholar.google.com/citations?user=016mmykAAAAJ&hl=en&oi=sra
https://scholar.google.com/citations?user=016mmykAAAAJ&hl=en&oi=sra
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microbiomes in soil and water samples can be 

applied to link suspects with specific geographical 

locations to solve crimes of illegal dumping and 

biocrimes. In wildlife conservation, microbiomes 

can be applied to track poaching gangs and identify 

the origin of illegal biological materials. In addition, 

post-mortem analysis can also be aided by the 

evaluation of patterns of microbial succession to 

estimate the post-mortem interval and reconstruct 

the circumstances of death (Bruce Budowle et 

al.,2014).  In conclusion, the various applications 

above demonstrate that microbial forensics is not 

only a valuable tool for linking criminal guilt but 

also a critical component of health security and 

scientific advancement. 

X.CONCLUSION 

In summary, microbial forensics is an 

interdisciplinary area of research that has been 

growing at a very rapid pace and applying the 

principles of microbiology, genomics, 

bioinformatics, and forensic science to investigate 

microorganisms as evidence in criminal, public 

health, environmental, and national security cases. 

From Thanatomicrobiome to trace evidence of 

microorganisms, the area has pushed the frontiers of 

forensic science. The sample-to-sequence approach, 

which includes evidence sampling, DNA extraction, 

high-throughput sequencing, and bioinformatics 

analysis, has a very high resolution but also faces 

challenges of interpretation in terms of ecological 

variability, contamination, and statistical 

uncertainty.  Its applications, from outbreak tracking 

and food safety monitoring to attribution research 

and environmental exploration, are clearly of deep 

social value. Nevertheless, its continued utility and 

validity are contingent upon the continued 

maintenance of good scientific rigor and integrity, 

ethics and legality, and a continued commitment to 

biosecurity, such that scientific progress improves 

security and justice without compromising safety 

and integrity. 
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