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Background

As with other branches of forensic science, forensic microbiology is the study of the microbes associated with a
cadaver to determine Time Since Death, Post Mortem Interval, and also identify the cause of death and personal
identification. The advent of forensic microbiology and metagenomics has been aided by advances in genetic
sequencing technologies, which have improved microbiological sample techniques and dramatically evolved
bioinformatics pipelines. Humans carry a variety of microbial communities in and on their bodies, which
constantly interact with and change their surroundings.

Main Body of the Abstract:

We reviewed more than 80 papers that detailed various aspects of the Post-Mortem Microbiome in terms of the
Microbial Clock to identify such as geolocation, personal identification, trace evidence, manner and cause of
death, postmortem interval and Time Since Death. The fact that much of the research is carried out in mouse
and swine models, which are often hard to emulate in human and real-time circumstances, is a key challenge for
forensic medical and microbiological research

Short Conclusion:

To fully grasp its promise of individual Post-Mortem microbiome characterization in forensic sciences, we
must include technology innovations that are either currently accessible or are being developed. Sophisticated
microbial fingerprint and DNA recoverability would allow the detection of both victims and perpetrators, which
are all greatly facilitated by a thorough understanding of the decomposition process. The review to address
these obstacles is continuing, and microbiome-based evidence would be expected to play a role in crime scene
investigations in the soon.

Keywords: Microbial clock, metagenomic, postmortem interval (PMI), Time since death (TSD), Microbiome, Forensic Microbiology,
Trace Evidence, geolocation, Microbial fingerprint, decomposition

Background

What happens, after death? The formation of a huge, sophisticated
ecosystem occurs as a result of death. After death, the natural
process of decomposition includes physical and physiological
changes that reveal crucial information about the Time Since
Death (TSD), Post-Mortem Interval (PMI), as well as the location
and manner of death. The corpse begins to decompose within 2—3
minutes of death. The start is controlled by a mechanism known
as autolysis-Alternatively, self-digestion. This process begins and
proceeds more quickly and that have a lot of enzymes. Autolysis
normally takes a few days to manifest it visually. The onset of

fluid-filled blisters on the skin and skin slippage, in which huge
sheets of skin slough off the body, are the initial signs. (Roy et
al., 2021) However, the body has adjusted to its surroundings
(algor mortis), blood has accumulated in the body, generating
skin darkening (livor mortis), and Because of the increasing
alkalinity, the cytoplasm of cells has dissolved (rigor mortis).
When a large enough number of cells burst, nutrition fluids
emerge available, and the putrefaction might occur (Vass, 2001).
Microorganisms (bacteria, fungi, and protozoa) break down the
body's soft tissues, causing tissue catabolism in gases, liquids,
and simple molecules. The activity of microbes (bacteria, fungi,

In j Fore Res, 2022

www.opastonline.com

Volume 3 | Issue 1 | 112



and protozoa) upon its body's fatty tissue  causes putrefaction,
which is the catabolism of tissue within gases, liquids, and simple
molecules. The production of sulfhaemoglobin in settled blood
usually causes a greenish tint of the skin as the first obvious sign
of putrefaction. As a result of the production of gas, the process
can cause tissue distension like (hydrogen sulphide, carbon
dioxide, methane, ammonia, sulphur dioxide, and hydrogen) in the
bowels, but also seen it in the skin , several body parts, including
the face, lips, and mouth and abdomen. Anaerobic fermentation is
correlated to this. Predominantly in the intestines, yielding high-
fat by-products Butyric and propionic acids are the most volatile
fatty acids.(Pechal et al., 2018) The intestines are shown to be
an overthrow of gas and liquids. Putrefaction is mainly from the
rectum; however it can be severe enough to pull the skin apart,
inflicting more damage. Further crack-up of protein and lipids
phenolic compounds and glycerols are produced. Compounds,
indole, 3-methylindole (skatole), putrescine and others. It has been
observed that there is a protein like cadaverine as well as other
volatile fatty acids present at the time of decomposition. At such a
phase in the decomposition cycle, electrolytes are rapidly depleted
and the body excretes both aerobic and anaerobic byproducts.
There are a lot of bacteria, and there's a lot of insect activity in
this phase (Tsokos, 2005). Even without activities of scavengers,
bacteria, archaea, fungi, and Protista, the chemical breakdown
of biodegradable waste would be tremendously slow, resulting
in biochemical waste repositories.(Belk et al., 2018a) In the last
millions of years, the reliability of mammalian carcasses has co-
evolved with the evolution of microbial decomposing organic
matter is relied upon to bring about preservation of key biochemical
metabolic pathways and cross-realm biological collaborations for
productive reusing of supplement saves(Belk et al., 2018a). After
the host has died, the thought of the microbiome composition
functioning as a biomarker has been utilized, and it is especially
significant in the field of forensic sciences.(Can et al., 2014) .We
have sought a systematic overview of the potential applicability of
the Post-mortem Microbiome in forensic medicine and Forensic
Microbiology, emphasizing on the various microbial marker
profiles, and their robustness as well as limits, with an insistence
on the TSD, PMI, manner of death and personal identification. The
assessment of TSD is critical in creating relevant information about
the time of death, which is required information to be submitted
in a court of law. It's also one of the biggest greatest difficulties
for forensic experts all over the world, because there are just too
many variables that influence postmortem alterations, making it
impossible to depend on a single approach. In this review paper,
we look at various elements of current Post-Mortem Microbiome
research. To begin, we examine the methodologies utilized to
profile the Post-Mortem Microbiome and compare them to state-
of-the-art approaches employed in other microbiome research.
Following that, we go through significant discoveries in Post-
Mortem Microbiome community features, focusing on the variety
and resilience of microbial communities, suggested microbial
markers, and the utility or lack thereof proposed prediction models

and we are also focusing on knowledge gaps and limitation
of the study. We also discussed the different technologies and
methodologies that have been used for microbial profiling, as well
as the novel approaches and techniques that are emerging in Post-
mortem microbiome research.

Main Text

The Microbiome of the Human Postmortem

The utilization of cadaver associated microbial populations to
determine PMI is a relatively novel technique for calculating
TSD that has been investigated by numerous researchers across
the globe. The factors that induce mammalian disintegration are
identical and predictable(DeBruyn and Hauther, 2017a). At least
for few ambits across distinct hosts and settings ambits. Because
mammalian cadavers are such a valuable resource. Communities
of microbes are likely to be a source of nutrients in an environment.
Bacteria have evolved over millions of years ago to become
efficient. These micronutrients should be recycled. As a result,
mammalian bre(Metcalf, 2019) (Hyde et al., 2015). As a result,
mammalian disintegration might contain a predictable sequence
of microorganisms that represents the various stages of metabolic
activity and disintegration routes.(Adserias-Garriga et al., 2017)
(Pechal et al., 2018) (Johnson et al., 2016). Actually, microbiome
data (epigenetic composition of microorganisms) has been used in a
lot of researches. During the decomposition of modern artiodactyls,
the species composition changes (Metcalf ef al., 2016) (Javan et
al., 2019) (Damann, Williams and Layton, 2015). A majority of
studies with appropriate power have used this method. Approaches
to Computational learning to construct(Johnson et al., 2016).
Several studies have employed computational methodologies
with sufficient power to generate prediction models that would be
used to estimate the TSD of samples with unknown post mortem
sample. According to (Metcalf, 2019) Several Methods rely on
the microbiome have established accurate PMI estimations during
some PMI ranges, as elevated as +/- 2-3 days, and measurable
inaccuracy rates.

Microbial clock

There is still forensic entomology (Tomberlin et al., 2011)and
an entomological clock which have been utilized such that the
adult flies come in and lay their eggs on the first day(Catts and
Goff, 1992)(Catts and Goff, 1992). After three to seven days, the
eggs hatch into initial larval instars, which are somewhat larger
than the pupae that emerge after Eight to Nine days. This clock
is temperature dependent, " which means it’s quicker in warm
temperatures and shorter in cold weather, but irrespective, if the
maggots from within a body, the species, and the size, you can often
calculate and if you know the temperature on how long those flies
larvae have been on the body, and that has been recycled in court
100 times(Megyesi, Nawrocki and Haskell, 2005). Furthermore,
because of temperature, seasonal, and developmental variations,
they are challenging to implement in all situations. Most of these
forensically significant insects have little information on their
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geolocation variation(Lindgren et al., 2011). Even though they
are inevitable or have pre-determined ecologies, the postmortem
microbiome has already shown a ton of potential as an Even if they
are unavoidable or have predetermined ecologies, the postmortem
microbiome has already demonstrated a great deal of promise as
a novel, conventional, and accurate and consistent approach to
playing an important role in the prediction of TSD and PMI, based
on the idea that microbial succession changes in a determined
and clock-like context throughout vertebrate species, even within
the same eco system, As a result of the decomposition cycle (He
et al., 2019). The cycling of various microbial species, such as
entomology(Wells, 2019), might signify PMI and TSD.
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VMODELLING
APPROACH
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Figure 1: Illustration of Microbial Clock

Distinct sampling locations have different microbial clocks
Research on microbial community change is also addressed in
samples correlated to mammalian corpse skin. Based on the stage
of decomposition as well as the complexity of the death scene,
various sampling location intends to assess may be more or less
accessible(Gulnaz T. Javan et al., 2016). The gut microbes(Jovel
et al., 2016) (Yatsunenko et al., 2012) in your resident microbes
are the ones that are active in decomposition from day one,
converting all those cellular products and so they are quite
occupied, and subsequently they are flushed into the soil as well
as all the decomposition fluid when they go down(Yatsunenko et
al., 2012)(DeBruyn and Hauther, 2017a)(Schloissnig et al., 2013).
The following community we have to consider is the resident soil
microbes, which are microbes that are just normally present in the
soil and also have received to flush nutrient rich into the system, so
microbes that can take advantage of this that grow quickly and can
bloom under these scenarios and may be are really not sensitive to
the elevated ammonium content will absolutely do so well, then
, get a bloom of such opportunist soil microbes that participate

in the third party to consider is all the visitors to the cadaver , as
well as the entire ecosystem, the network of different species that
will come to feed off of the cadaver, and they all have their own
commensal microorganisms, so some of those may be getting into
the system as well(Blum, Zechmeister-Boltenstern and Keiblinger,
2019)(Zhou et al., 2018)(Daniel, 2005).Additionally, throughout a
death enquiry, certain sampling locations would be less intrusive.
Skin samples, for example, might be a little more approachable and
a little less intrusive then gastrointestinal samples during a death
enquiry. While utilizing microbial clocks as nothing more than a
forensic tool, all of these elements must be taken into account.
Throughout the sections below, we go over these factors in further
depth for each sampling type. (Ford, 1901)

Epinecrotic Community

The epinecrotic population(Benbow et al., 2019) was described by
(Pechal et al., 2014) as microbes that live or move on the surface
of decomposing corpses, such as the mucous membrane (Bizzarro
et al., 2013)(e.g., mouth, buccal cavities). Therefore, as there are
so many exterior sites to sample from, it's important to consider
when bacteria from diverse locations decompositions in similar
ways. In skin (Johnson et al., 2016) (Kodama et al., 2019) areas
have been studied to see whether they can enhance the precision
of PMI estimations and thus the microbial clock and he found
that skin (Grice et al., 2008)sampling from the inner ear canals
had lower error rates than skin (Grice and Segre, 2011)samples
from the inner nasal surfaces when using bioinformatics pipelines
(Kaszubinski et al., 2020).Although such encouraging findings
imply whether the skin(Tozzo et al., 2020) could develop a precise
microbial clock.

Internally location

An extrinsic variable like pH, temperature, insects, and scavengers
may not have the same impact on the internal sites as they do
on external sites. The intrinsic Post-Mortem Microbiome is also
important would not be harmed by gut-related microorganisms that
continue to thrive after death.(Can ef al., 2014). The gut microbial
community is also being looked into as a viable site of microbial
activities changes.(DeBruyn and Hauther, 2017b). Even as a
consequence, accumulating a time series of microorganisms into
the bones of a cadaver could be used to follow the progression of
bone samples, allowing for the creation of a microbiological clock
for something like a prolonged period of death.(Damann, Williams
and Layton, 2015) and his colleagues studied more than 1 corpses
intended to decay over a long period of time. This allowed for the
identification of microorganisms, and decomposition took place in
a series over a long period of time. Compared to what seems to be
achievable if other sorts of samples, like brain, and skin, are also
absorbed by microbial decomposers, earlier Accumulated degree
days (ADDs).
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Figure 2: Knowledge gaps in Post-Mortem microbiome

Throughout the realm of forensic microbiology, there are a few
issues to overcome. (Metcalf 2018) Recently identified certain
gaps that must be addressed before the post-mortem microbiome
can be used to estimate PMI (Metcalf 2018). Further possible
medicolegal uses can be applied in the same way.

Time frames

In fresh stage: It's unclear when a cycle of decomposing microbes
begins to eradicate the human skin microbiome's distinctive traits,
but considerable evidence shows it is not prolonged (Fierer ef al.,
2010)(Grice et al., 2008) (Grice and Segre, 2011).(Lauber ef al.,
2014)

From the beginning of decomposition : Even though community
productivity is prolonged and would seem to be a comparatively
universally applicable approach-related groups of microbes to
become predominant in a continuous path which is associated with
time, temperature, and possibly those certain factors-such a time
frame is effective for effectively utilizing the habitat of microbial
cascades(Metcalf et al., 2016) (Metcalf et al., 2013)(Amendt et
al., 2007). As a consequence, ancillary strategies such as using
microbes as a protein supplement are becoming more popular.
Although microorganisms can participate actively for long periods
of time, chronological study is significant (Metcalf et al., 2016)

Skeleton Stage : Many of the most complex cases to investigate
are those where the corpse has been decomposed for a long time
(Damann, Williams and Layton, 2015). As a result, this historical
period is favourable with opportunities to develop new forensic
science approaches.

Environmental factor: Temperature is probably the sole
environmental factor that has been included in a microbial

breakdown robust model (Carter, Yellowlees and Tibbett, 2008)
Mark Eric Benbow et al. Perhaps as an outcome, other abiotic
factors such as gas, temperature, atmospheric conditions, and the
existence or non-existence of bugs would all be taken into account.
(Belk et al.)(Carter, Yellowlees and Tibbett, 2008)(Metcalf et al.,
2016)(Pechal et al., 2018) In future research, these attributes will
be evaluated to see if they are relevant.

Sample location

Microbial community changes in mammalian corpse surface (Hyde
et al., 2015)(Metcalf et al., 2013)(DeBruyn and Hauther), buccal
cavity(Pechal et al., 2018) (Hyde ef al., 2015), nose(Johnson et
al.,2016), ocular, (Pechal et al., 2018), bone (Johnson et al., 2016)
(Gulnaz T Javan et al., 2016) (Damann, Williams and Layton,
2015), and corpse-associated soils (Metcalf ez al., 2016)(Cobaugh,
Schaeffer and DeBruyn, 2015)(Gulnaz T Javan et al., 2016)(Pechal
et al., 2013) have all been studied. Each of these sites has shown
potential, and a research that compared skin and soil samples found
that neither sample was obviously superior to the other.(Grice and
Segre, 2011). Certain locations may be more appropriate within
specific times since death time periods.

Regression Model

The need for computational methods to create model-based
predictive models is intriguing, data differences have been observed
due to the limited amount of training data with an adequate sample
size to generate a viable model(Schouls, Schot and Jacobs, 2003)
(Belk et al.)

An overview of technology (past, present, and future)

Forensic Medicine and genetics have an ancient legacy of joint
efforts. Because of breakthroughs in metagenomics (Mason-Buck
et al., 2020), there's also been a lot of literature on the human
microbiome. Sir“AlecJeffrey’sdiscovered DNA(Deoxyribonucleic
Acid) fingerprinting (Roewer, 2013)for human identification
(Barsting and Morling, 2016). Years prior to the actual discovery
of the short tandem repeat (STR) assays(Sullivan, Hopgood and
Gill, 1992)(Mitchelson, 2003). The precise polymerase chain
reaction (PCR)-based mtDNA (mitochondrial DNA)sequencing
approach has become the ideal means of interpreting limited
amounts of deteriorated sample materials, such as hair(Sullivan,
Hopgood and Gill, 1992) (Susanne and Kristufek, 1993) and
ancient bones, micrograms of desired adhering DNA are needed
for restriction fragment length polymorphism analysis(Malla et
al., 2019). However, contemporary approaches to sequencing of
post-mortem microbiomes have exhibited a significant change
toward better and more sophisticated molecular methods. DNA
extraction kits, PCR techniques(Matsuki, 2007) , Next-generation
Sequencing, Pyrosequencing (Lauber ef al., 2009), metagenomics,
and whole-genome sequencing are among them. The QIAamp
DNA minikit (Qiagen) , QTAamp DNA microbiome Kit , Gentra
Puregenes Kits is one of the widely viable(Bag ef al., 2016) Dna
extraction procedures (Claassen et al., 2013) (Soliman et al.,
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2017). Group-specific primers(Matsuki ef al., 2002) have indeed
been created and effectively utilized to determine the relative
numbers of major microbial species for the applicability of TSD
(Matsuki et al., 2004).

* Real Time PCR

. QlAﬂmP DNA l\’.t ------------ DNA Extraction Kits
- QIAmp DNA

Microbiome kit
« Gentra Puregene Kits

Figure 3: A Glimpse of handful of the exiting techiniques for post-
microbiome Analysis

A sequence of modifications employing usable common refrain
applications is necessary for the data analysis making judgments.
These judgments have an impact on the data's outcomes and
interpreting, therefore any use of the Post-mortem microbiome
in the courts of law would necessitate shortened policies and
protocols.(Zolfo et al., no date) (Gulnaz T Javan et al., 2016).
Previous research has mostly used 16SrRNA(DeBruyn and
Hauther) sequencing since it provides reliable data, is cost-
effective and worthwhile, and can be used on a variety of data,
from screening microbial signatures to predicting the place and
time of death(Chakravorty et al., 2007). (Kuiper, 2016) whole
genome sequencing (mWGS) , multilocus sequence (Belén,
Pavon and Maiden, no date)method (Fiehn, 2002)(Bikel et al.,
2015) data analysis validity and reliability(Kaszubinski et al.,
2020). Tracing evidences, bio-crimes and mode of death are the
major impacts by the microbial community. In contrast, a study
of the literature identified a wide range of research investigating
systematic microbial ecological succession variations in the
tissue expression of genes in phases of decomposition in
humans(Finley, Benbow and Javan, 2015). Throughout the last 20
years, technological advancements, especially massively parallel
sequencing, metagenomics, and computational biology advances,
have made it possible to interpret microorganisms for a diversity
of human forensic applications, including personal identification,
body fluid characterization, PMI estimation, time of death,
geolocations(Hedrick et al., 2000), and bio-crimes encompassing
potentially pathogenic real-time monitoring (Fu ef al., 2018)(Kim
et al., 2017). Therefore, as a result, applied scientific approaches
to the study of microbiology evidence in civil and criminal cases
for the purpose of crime scene investigation must be classified as
forensic microbiology. (Robinson ef al., 2020).

A Guideto .
metagenomic Analysis

Variant based

tool : QIIME &

and DADA 2

—_—
Assess the
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structure or functional
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communities.

Figure 4: A schematic Guide to Metagenomic Analysis

Limitation of Technology

Next-generation sequencing (Trivedi et al., 2014) have made
it feasible to conduct more cost-effective analyses of microbial
communities. Nucleic acid extraction procedures used in sample
preparation continue to be a significant source of bias toward
specific microbial taxa. Identifying microorganisms is one of
the most difficult challenges in huge, sophisticated metagenomic
samples(Quince ef al., 2017), distinguishing those of involvement
from nearby microbial species and the immense cluttered
background that makes up a microbial sample (Jo, Oh and Park,
2020) taken from different body sites, and determining the level of
certainty that could be given to a promising species identified in
just such a wide variety of complex samples.
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l
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samples collected

Unknown time duration
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Microbial sbundance table is |
| generated by putting sample in
| DNA extraction & sequencing |

Microbiome testing data is
matched with machine learning

Qutput sample founds the
unknown PMI estimation

Environmental parameters )
decraases arror
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information is created

Figure 5: Estimated Classification of Machine Learning Model
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An Innovative Step up The Ladder to Forensic
Microbiology:

The validity of microbiological evidence and the collecting
of samples are the key steps in introducing the Postmortem-
microbiome into the "Palais de Justice" proceeding(Ventura
Spagnolo et al., 2019). There are currently no regulations or acts
governing further use of post-mortem microbiome evidence in
court cases(Schmedes, Sajantila and Budowle, 2016) (Hao, Pei
and Brown, 2017). The postmortem microbiome can also be used
as expert testimony since it has been thoroughly validated, has
widely accepted regulatory pathways, is widely accepted in the
scientific establishment, and has widely recognized significant
discernible accuracies or errors. Another challenge that is inclined
to express itself as a stumbling block once microbiological
evidence is brought out of the trial is the statistical analysis'
intricacy. Prior to getting implemented, so each approach should
be approved, not all of which are confined to its acuity, precision,
reliability, quantitation limit, and interpretability.

Requesite : The forensic community
requires cutting-edge advanced
technologies, financing, resources,
and researchers to assist it in doing
its job efficiently. The community
deserves technology to assist in
investigating crimes and serve
justice to offenders and victims.

An
illustration
of the way
to integrate
new
technologies

into the
workplace.

Enactment

Stakeholders in the forensic sector, including
such lab administrators, lab heads and law
enforcement agencies, are deciding whether
or not to pursue or accept the technology.

Figure 6: An illustration of the way to integrate new technologies
into the workplace

Innovative, advanced, customized equipment is indeed being
developed that would be used by cops at a scene of crime to provide
instant solutions about just how long the person has already been
dead and to aid in the discovery of hidden burials.(D’Argenio,
2018). Regarding dataset clarification of complicated metagenomic
datasets, more sophisticated sequencing technologies could be
designed and standardized(Ye et al., 2012)Other omic studies
like metagenomic(Whon et al., 2021), metabolomics(Pesko et al.,
2020) and transcriptomics(Bikel et al., 2015) are perhaps more
approachable as previously, and Post-mortem Microbiome(Gulnaz
T. Javan et al., 2016) study within those domains must be explored
more as it will provide insights(Mason-Buck et al., 2020).

Conclusions
The main advantage of this the Existing TSD and PMI estimation

methods, as well as gross postmortem alterations and entomological
clocks, have the least probability as decomposition progresses
but The above mentioned newest advanced technologies, such as
Next Generation Sequencing, profile microbial communities and
computational method that would use this information for creation
of models which are generalizable across various environments
similarly as internal external etc. However determination of TSD
has never been simple but not impossible too. The main advantage
is to include universally applicable microbiological models that is
peculiar for every setting into the legal framework and contributes
in crime scene investigation in the nearish future.
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