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elife digest Our bodies—especially our skin, our saliva, the lining of our mouth and our
gastrointestinal tract—are home to a diverse collection of bacteria and other microorganisms called
the microbiome. While the roles played by many of these microorganisms have yet to be identified,
it is known that they contribute to the health and wellbeing of their host by metabolizing
indigestible compounds, producing essential vitamins, and preventing the growth of harmful
bacteria. They are important for nutrient and carbon cycling in the environment.

The advent of advanced sequencing techniques has made it feasible to study the composition of
this microbial community, and to monitor how it changes over time or how it responds to events
such as antibiotic treatment. Sequencing studies have been used to highlight the significant
differences between microbial communities found in different parts of the body, and to follow the
evolution of the gut microbiome from birth. Most of these studies have focused on live animals,
so little is known about what happens to the microbiome after its host dies. In particular, it is not
known if the changes that occur after death are similar for all individuals. Moreover, the decomposing
animal supplies nutrients and carbon to the surrounding ecosystem, but its influence on the
microbial community of its immediate environment is not well understood.

Now Metcalf et al. have used high-throughput sequencing to study the bacteria and other
microorganisms (such as nematodes and fungi) in dead and decomposing mice, and also in the soil
beneath them, over the course of 48 days. The changes were significant and also consistent across
the corpses, with the microbial communities in the corpses influencing those in the soil, and vice
versa. Metcalf et al. also showed that these measurements could be used to estimate the
postmortem interval (the time since death) to within approximately 3 days, which suggests that the
work could have applications in forensic science.

DOI: 10.7554/eLife.01104.002

One of the most difficult forms of physical evidence to establish is the amount of time that has
lapsed since death, the postmortem interval (PMI). Establishing the PMl is critical to every death investi-
gation because it facilitates the identification of victims and suspects, the acceptance or rejection of
suspect alibis, the distribution of death certificates, and the allocation of assets outlined in wills.
However, PMI is difficult to establish because we have a relatively poor understanding of corpse
decomposition. To improve the ability to estimate PMI, forensic science has incorporated an ecological
perspective. When an animal dies it becomes a large nutrient resource that can support a complex and
phylogenetically diverse community of organisms (Mondor et al., 2012). As this decomposer community
recycles nutrients, the corpse progresses through several forensically recognized stages of decomposition,
including Fresh (before decomposition begins), Active Decay, which includes Bloating and Rupture,
and Advanced Decay (Carter et al., 2007, Parkinson et al., 2009). Biotic signatures associated with
these stages of decomposition, such as the development rate of blow fly larvae (Amendt et al., 2007),
succession of insects (Horenstein et al., 2010), and changes in the biochemistry of corpse-associated
‘gravesoil’ (Tullis and Goff, 1987; Vass et al., 1992; Benninger et al., 2008; Carter et al., 2008;
Horenstein et al., 2010), can be used to estimate PMI. However, no method is successful in every
scenario (Tibbett and Carter, 2008). For example, limitations of forensic entomology include uncer-
tainty in the interval between death and egg deposition (Tomberlin et al., 2011), lack of insects during
particular weather events or seasons (Archer and Elgar, 2003), and region-specific blowfly larval
growth curves and insect communities (Gallagher et al., 2010). Using microbial community change to
track the progression of decomposition may circumvent many of these limitations because microbes
are ubiquitous in the environment, located on humans before death, and can be reliably quantified
using high-throughput DNA sequencing.

Microbes play an important role in decomposition (Vass, 2001; Hopkins, 2008; Mondor et al.,
2012). For example, from the Fresh stage to the Bloat stage, enteric microbes likely contribute to
putrefaction by digesting the corpse macromolecules, which in turn generates metabolic byproducts
that cause the corpse to bloat (Mondor et al., 2012). Evans proposed that a major shift in microbial
communities occurs at the end of bloat when the body cavity ruptures (Evans, 1963), as this key event
likely shifts the abdominal cavity from anaerobic to aerobic. Additionally at the Rupture stage, nutrient
rich body fluids are released into the environment often increasing pH (Carter et al., 2010) likely
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Determination of decomposition stage
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Figure 1. We used two independent methods to assess stages of decomposition: (A) a visual body score estimate
of decomposition following the Megyesi Key (Megyesi et al., 2005) and (B) the pH of soil to determine when
rupture had occurred. () visual key estimates for the head (orange circle): -no discoloration (1 point);
—Discoloration (2 points), Purging of decomposition fluids out of eyes, nose, or mouth (3 points), Bloating of
neck and/or face (4 points); —Sagging of flesh (5 points), Sinking of flesh (6 points), Caving in of
flesh (7 points), Mummification (8 points). The key for the torso (blue triangle) is the same as above except that
Bloating of abdominal cavity (3 points) precedes Rupture and/or purging of fluids (4 points). Gray boxes around
points indicate generally with which stage of decay each time point is associated-Fresh ( days 0, 3), Active Decay
( days 6, 9, 13), and Advanced Decay ( days 20, 34, 48). ( ) Average pH of soil over time with standard error. A
dramatic increase in pH occurred between day 6 and day 9, which is when rupture of body fluids and subsequent
leakage into the soil likely occurred.
DOI: 10.7554/eLife.01104.004

Rhizobiales (Alphaproteobacteria) in the families Phyllobacteriaceae, Hyphomicrobiaceae, and

Brucellaceae (e.g. and ) to dominate (Figure 2A,B, Supplementary
file 1B). Additionally, facultative anaerobes in the Gammaproteobacteria family Enterobacteriaceae
such as , , ,and (Supplementary file 1B), which are widely recognized

as opportunistic pathogens and are associated with sewage and animal matter (Leclerc et al., 2001),
become abundant after rupture.

When corpses rupture they release an ammonia-rich, high nutrient fluid that alters both the pH and
nutrient content of the soil (Meyer et al., 2013). Accordingly we saw a predictable spike in gravesoil
pH from 6.0 to 8.5 (Figure 1B) and declines in Acidobacteria (Figure 2A), the abundance of which
is known to be inversely related to soil pH (Lauber et al., 2009). Acidobacteria prefer oligotrophic
conditions (Fierer et al., 2007) and grow much more slowly than most other taxa (Ward et al., 2009;
Castro et al., 2010), thus the decline of Acidobacteria may be related to the huge pulse of nutrients
into the soil rather than shifts in soil pH. In this study, Alphaproteobacteria abundance (mainly the
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