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ABSTRACT:  Previous postmortem microbiome studies have focused on characterizing taxa 

turnover during an undisturbed decomposition process. How coexisting conditions (e.g., frozen, 

buried, burned) affect the human microbiome at the time of discovery is less well understood. 

Microbiome data were collected from two pediatric cases at the Wayne County Medical 

Examiner in Michigan. The bodies were found frozen, hidden in a freezer for an extended time. 

Microbial communities were sampled from six external anatomic locations at three time points 

during the thawing process, prior to autopsy. The 16S rRNA V4 gene amplicon region was 

sequenced using high-throughput sequencing (Illumina MiSeq). Microbial diversity increased, 

and there was a distinct shift in microbial community structure and abundance throughout the 

thawing process. Overall, these data demonstrate that the postmortem human microbiome 

changes during the thawing process, and have important forensic implications when bodies have 

been substantially altered, modified and concealed after death. 

 

 

KEYWORDS: forensic science, forensic pathology, postmortem microbiome, pediatrics, frozen, 

concealment 

 

 

 

A method to accurately estimate the postmortem interval (PMI) is sought after in forensic 

sciences. Documentation of the circumstances at the time of death (e.g., eyewitness reports or 

admissions of a crime) is currently the most accurate way to establish a PMI. In cases where this 

information is unavailable, forensic scientists must use available decomposition metrics 

associated with the body (e.g., physiochemical changes – lividity ) or other biological indicators 

(e.g., entomology, botany) to inform the PMI estimate. Sometimes bodies are concealed (e.g., 

after a homicide) in a variety of ways, such as clandestine burial, concrete interment or 

placement in a freezer. Concealment increases the amount of time a body goes undetected and 

alters the environment of the decomposition process; the effects of concealment on 

decomposition can potentially skew or artifactually elongate the PMI estimate (1). The PMI in 
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circumstances in which a body is discovered after long-term concealment, or otherwise altered, 

is one of the many challenges to the forensic pathologist performing the autopsy.  

 

A rapidly advancing field in forensics is the proposed use of the postmortem microbiome as an 

additional biological indicator of time and/or circumstances of death (2-4). While several studies 

have documented shifts in microbial community structure (taxon composition and abundance) 

from various locations and organs of a body during the decomposition process (5-9), much less is 

understood of how its previous condition (e.g., frozen, buried, burned) affects the microbiome at 

the time of discovery. No study to-date has characterized the microbial community changes as a 

frozen body thaws before autopsy. The present study reports two unusual pediatric cases in 

which the bodies were found substantially altered due to long-term freezing and concealment, 

one for 22 months and the other for 31 months. Given the dearth of postmortem microbiome 

studies conducted during routine death investigation, these data provide additional insight into 

the complexities associated with using microbiome information in one of a wide variety of death 

circumstances.  

 

Methods 

 

Case Reports 

 

The bodies of a 9 year-old male and a 13 year-old female (half siblings) were discovered hidden 

in a chest freezer in a residential location in the spring of 2015; both children were homicide 

victims whose injuries consisted mainly of multiple blunt force trauma inflicted by their 36 year-

old mother. After arrival to the Wayne County Medical Examiner (MI) , still in the chest freezer, 

the bodies were removed from it and individually placed on a clean sheet on separate gurneys. 

The bodies were placed on either side of a ceiling air-conditioning vent in the autopsy suite 

separated by 30-40 cm and allowed to completely thaw (approximately 48 h) prior to autopsy. 

During the thawing process, each body was covered with a clean sheet damped with water ad 

libitum to prevent rapid drying, especially of the extremities (mummification). A routine autopsy 

with documentation of injuries was conducted in each case after thawing was complete. In both 
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cases, the brain was fixed for 3 weeks before cutting, and routine histologic samples were taken, 

as well as for the other major organs.  

 

 Microbial Sample Collections 

 

Microbial samples were aseptically collected using DNA-Free (sterile) cotton-tipped swabs at 

three time points during the thawing process: when completely frozen and immediately after 

extraction from the freezer, partially thawed (ca. 24 h post-discovery), and when fully thawed 

(ca. 48 h post-discovery) for autopsy. The microbial communities were sampled from six 

external anatomic locations at each time period during the thawing: the external auditory canal, 

eyes, nares, mouth, umbilicus, and rectum. Samples were stored at -20o

 

C until further 

processing. 

16S rRNA Gene Amplicon DNA Extraction, Sequencing and Analysis 

 

DNA extractions were performed on individual swabs using PureLink® Genomic DNA Mini Kits 

(Thermo Fisher Scientific) according to the manufacturer’s protocol with the following addition: 

15 mg/mL of lysozyme was added during the lysis step for reaction. The Quant-iT dsDNA HS 

Assay kit and a Qubit 2.0 (Thermo Fisher Scientific) were used for DNA quantification. All 

DNA products were stored at −20°C. Illumina MiSeq 16S  library construction (2 x 250 bp, 

paired-end reads) and sequencing was performed at the Michigan State University Genomics 

Core Facility using a modified version of the protocol adapted for the Illumina MiSeq (10). The 

V4 region of the 16S rRNA gene was amplified with region-specific primers (11-13). The 

sequence output was demultiplexed and converted to FastQ files with Bcl2fastq Conversion 

Software v1.8.4 (Illumina). Raw fastq files were assembled, quality-filtered, and analyzed using 

the default settings in QIIME version 1.8.0 (14). After quality control, the remaining high-quality 

sequences were binned into operational taxonomic units (OTUs) at a 97% sequence similarity 

cutoff using UCLUST (15). The resulting assembled sequence reads were classified into OTUs 

on the basis of sequence similarity. The highest-quality sequences from each OTU cluster were 

taxonomically assigned using the RDP classifier (16) and identified using BLAST against 

reference sequences from the May 2013 Greengenes 97% reference dataset 
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(http://greengenes.secondgenome.com) (17-19). The representative sequences of all OTUs were 

then aligned to the Greengenes reference alignment using PyNAST (12). Singleton OTUs and 

any remaining low abundance OTU’s making up <0.0005% of reads in the total dataset were 

removed, as recommended for Illumina generated data (20). Not all samples, however, returned 

the same number of sequences, and samples were rarefied to 1,000 sequences for subsequent 

analyses to remove the effect of sample size bias on community composition; there were no 

microbial libraries containing fewer than 1,000 sequences. To examine the mean, standard 

deviation and coefficient of variation of microbial communities estimates of α-diversity 

(observed richness and Faith’s Phylogenetic Distance) and 1-Simpson Index (D) diversity were 

calculated based on metrics determined in QIIME (21). For data visualization of microbial 

community structure, genus level taxonomic data were imported into Krona (22). Additionally, 

heatmaps were constructed using the pheatmap package (v 1.0.2; http://cran.r-

project.org/web/packages/pheatmap/index.html) in R (23) to visually inspect the temporal 

variation throughout the thaw process. All  sequencing data files were made available to the 

European Nucleotide Archive database as part of study number PRJEB15129 under accession 

numbers ERS1291061 through ERS1291096 

(http://www.ebi.ac.uk/ena/data/view/PRJEB15132). 

 

Results  

 

The 9-year-old male was wrapped in a polychromatic bed comforter; his estimated frozen 

interval was approximately 31 months. He was 145 cm long and weighed 37.7 kg; body mass 

index (BMI) was 18. The 13-year-old female was loosely wrapped in a black plastic bag and 

yellow plastic band with a black cloth wrapped around the neck; her estimated frozen interval 

was approximately 22 months. She was 160 cm long and weighed 46.3 kg; BMI was also 18. 

Both suffered extensive blunt force, mainly to the head, and both had prominent swelling of the 

brain; this was the cause of death. The 9 year-old male also had thermal burns, mainly on the 

abdomen, buttocks and genitalia. The height difference between the siblings was only 

approximately 10%, and there was an 8.6 kg difference in their weights. Hence, their body 

habitus was very similar, were clearly malnourished, and thawed sufficiently to do an autopsy 

within the same time interval. There was remarkably good histologic preservation of the brain, 
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heart, lungs, pancreas and liver; the kidneys had moderate tubular autolysis. The most significant 

finding was freezing artifacts in all the tissues (Figure 1) – the outline of ice crystals in tissue due 

to expansion of water during the initial freezing process. 

 

A total of 1,261,944 (35,054 ± 24,900: range 1,417 - 77,254) 16S rRNA amplicon sequences 

were detected and characterized prior to normalizing the database (singletons removed, relative 

abundance <0.0005% removal, and rarefication to equal coverage of 1000 reads; Table S1). 

During the thawing process, there was an observed increase in OTU richness and diversity as the 

bodies thawed (Figure 2). Specifically, a 26.4% increase of observed taxa was detected as the 

bodies thawed from frozen (76.4 ± 51.0) to partially thawed (87.9 ± 58.9) to thawed (103.8 ± 

47.8). The mean (± standard deviation) Simpson diversity index demonstrated the greatest 

overall increase of 32.3% from frozen to thaw: 0.519 ± 0.294 (frozen) to 0.564 ± 0.330 (partially 

thawed) to 0.768 ± 0.173 (thawed). Faith’s phylogenetic diversity metric increased by 19.9% as 

thaw occurred: 6.76 ± 3.68 (frozen) to 7.27 ± 4.34 (partially thawed) to 8.44 ± 3.84 (thawed). 

While the most prevalent increase in microbial diversity during the thawing process was 

documented in the nares, eyes and rectum; buccal samples had the highest overall mean observed 

taxa, Simpson diversity (1-D) and Faith’s phylogenetic diversity among the different anatomical 

microbial communities (Figure 2). The microbial communities of the ears, eyes, nares, and 

buccal cavity all increased in observed OTUs from the frozen to the thawed status and the 

umbilicus plateaued in richness after the first 24 h of thaw (partial), while the rectum was the 

only sample area to have a decrease over this time period. Further, the coefficient of variation for 

all metrics (among body sites) decreased as bodies thawed (Table S2), suggesting lower 

variability in the microbiomes among body sites with thaw. 

 

There were also changes in microbial community composition throughout the thawing process 

(Figure 3). Actinobacteria, Fusobacteria and Gammaproteobacteria increased by 68.2, 49.3, and 

49.5%, respectively, as the bodies thawed, while Firmicutes deceased by 18.3% and 

Bacteriodetes remained constant during the thawing process. At the familial taxonomic level, 

there were six families with discernable trends of increasing relative abundance as the bodies 

transitioned from frozen to thaw: Corynebacteriaceae (79.7%), Fusobacteriaceae (46.8%), 

Pasteurellaceae (73.2%), Pseudomonadaceae (54.5%), and [Tissierellaceae] (59.7%). Two other 
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predominate families, however, demonstrated a decrease in relative abundance over the thawing 

period: Prevotellaceae (38.2%) and Staphylococcaceae (33.7%). 

 

Patterns of microbial taxon turnover during the thawing process were also documented. A 

heatmap (Figure 4) illustrated the genera level OTUs turnover, and showed unique profiles of 

taxon frequencies across the thawing process. Specifically, the relative abundance of 

Corynebacterium, Haemophilus, Fusobacterium, and Streptococcus increased by 79.7%, 75.0%, 

46.8%, and 31.0%, respectively, from frozen to thawed, while the relative abundance of 

Staphylococcus decreased 33.3% from frozen to thawed. Lactobacillus became nearly 

undetectable at the partially thawed and thawed sampling times (98.3% decrease). The 

microbiomes of each sampling area were also represented by unique profiles of genera during the 

thawing process (Figure S1). Forty-seven OTUs of several phyla matched an identifiable 

bacterial species (Actinobacteria = 6 species; Bacteroidetes = 9 species; Firmicutes = 20 species; 

Proteobacteria = 9 species; Spirochaetes = 2 species; Verrucomicrobia = 1 species; Table S4), 

including some pathogenic genera that were detected at temporally distinct times during the 

thawing process for each body. The buccal cavity had the highest species occurrence throughout 

the thawing process; on average there were 12 species in the buccal cavity while the ears and 

nares had an average of seven species, the rectum with six species, and the eyes and umbilicus 

represented by five species.  

 

Discussion 

 

These data demonstrate that the postmortem human microbiome changes during the thawing of 

frozen individuals, in this case placed in a chest freezer and concealed for multiple years. The 

study also provides unique microbiome data that may be useful for estimating long-term 

postmortem intervals that result from concealing a body in ways that slow or limit decomposition 

and subsequent microbial activity. We acknowledge that the low sample size (n = 2 bodies) 

prevents robust statistical analyses but there are not many cases like this; thus, we have reported 

descriptive characteristics in the microbial communities as the bodies have thawed. The thawing 

time of the bodies was approximately 48 h after discovery. Due to the body composition and 

malnourishment, with similar BMIs, they thawed and proceeded to decompose at approximately 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



 

This article is protected by copyright. All rights reserved 

the same rate.  Both cases suffered multiple blunt trauma, especially to the head, and both had 

swelling of the brain as the mechanism of death. In spite of the difference in the dates in which 

the bodies were frozen, both were remarkably similar grossly and microscopically, and were in 

good condition, including good histologic preservation. This means that they were frozen not 

long after death occurred. Because freezing essentially halted all postmortem changes, there is no 

alternative to knowing the dates in which the incident occurred to know when the bodies were 

frozen.  

 

There are several technical aspects to these case studies that may have some influence on the 

composition of the microbiomes throughout thawing, such as the microbial composition of the 

home where the freezer was found and the environment where autopsies were performed. Yet, 

given these real-world circumstances the greatest amount of care and effort were taken to reduce 

potential cross-contamination during the thawing period. A clean sheet was placed on the gurney 

before each body was placed on it, and a second clean sheet was used to cover the body, only 

dampening it sufficiently to prevent desiccation of tissues, especially the extremities of these 

very thin individuals. If the bodies had remained within a closed body bag to thaw the 

condensation would be significant, accumulating water within the bag that would have created 

other sites for bacterial growth and affecting the composition of the bacterial communities 

therein. Freezing itself and the generation of ice crystals may also have had an effect; ice crystals 

were present in all the tissues seen microscopically. Ice crystal can puncture cell membranes and 

form tissue clefts through which bacterial transmigration may occur easily, especially from the 

bowel. Since the extremities have a smaller mass than the trunk, and thawed faster, it is likely the 

temperature differential between the two affected the growth and composition of bacterial 

communities. Secondly, the bodies were not placed directly under flowing air, since this would 

have rapidly mummified the extremities and head; they were adjacent to a source of flowing air 

to ensure continuous airflow around the bodies. The sheets that covered the bodies also allowed 

some control of evaporation without promoting condensation.  

 

The overall trend was for the microbial richness and diversity to increase as the bodies thawed. 

This results from an increased temperature (-20oC in a chest freezer to ambient temperature) as 

the bodies were allowed to thaw before the autopsy. Microbial activity and growth for most 
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human associated commensal and pathogenic microbial species cease below freezing (0o

 

C) (24, 

25). Thus, the observed increase in richness and diversity as thawing occurred initially  resulted 

from the proliferation of existing microbial communities on the body once they surpassed their 

lower growth temperature threshold. These trends in increased microbial richness and diversity 

were typically documented across the individual sampling areas on the body. The buccal cavity 

samples overall had the greatest richness and diversity among all body areas, which could result 

from an increased antemortem microbiota. Individuals with periodontal disease(s) have increased 

and differential abundance of microbial taxa present than non-diseased individuals (26, 27). Only 

one sample area, the rectum, had a decreasing trend in microbial richness and diversity metrics 

but this does not mean that the concentration of bacteria also decreased; rather, it probably means 

that some bacterial populations are prevailing over others since the bacterial content of tissue 

increases with the rise in body temperature as decomposition progresses. Since the rectum also 

more closely reflects bowel bacterial communities, this may also be a function of nutritional 

status at the time of death. Further, the decreasing coefficient of variation for all metrics suggests 

the microbial communities in both bodies were becoming more stable over time, even though 

more taxa were detected as a result of the warming to room temperature for autopsy. 

There were strong temporal shifts in microbial community structure as the bodies progressed 

from frozen to thawed. Since these microbial community changes were detected from each 

anatomical sampling area, it implies that multiple areas of a body should be sampled in future 

cases. However, there was variability in the specific taxa that changed during the thaw process 

for each anatomical area, which probably resulted from the existing ante-mortem communities 

and the variability of individual taxon life history traits (e.g., growth rate). Members of the 

Proteobacteria almost doubled in relative abundance after 48 h of thaw, while the other major 

phyla (e.g., Firmicutes) decreased in relative abundance by one-fifth during the same thawing 

period. This shift in microbial taxa has been previously reported in a study characterizing skin 

microbiome changes during the winter of donated human bodies decomposing within a 

controlled research environment (e.g., anthropological facility) (28). The similarity of these 

results may occur from similar treatment of the bodies prior to sampling, specifically that the 

bodies were frozen for substantial periods of time. Further, of the several potential bacterial 

pathogens detected during the thawing process there were differential times during the thaw 
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process in which the species were identified. For example, Haemophilus influenzae and H. 

parainfluenzae were detected in the male during the frozen and partial sampling periods while H. 

parainfluenzae was only detected during thawing for the female, while the opportunistic 

pathogens Prevotella melaninogenica and Rothia dentocariosa that are commonly located in the 

oral cavity (29-32) were detected across all sampling periods for both bodies. These results 

indicate that the time in which sampling occurs affects the microbial community taxa and 

abundance and would change further had the sampling continued for a longer interval. Some 

species never appeared at all, such as Escherichia coli in the male, and rarely in the female; the 

converse happened with some of the Bacteroides taxa. The latter are common bowel inhabitants 

(33). Whether the process of freezing inhibited the growth of any or all species, or they were not 

present in usual concentrations because of nutritional status, or some combination of the two will 

have to be determined in the future. 

 

Conclusion 

 

The results presented here contribute a unique data set to the study of the postmortem human 

microbiome. Specifically, partnering with a medical examiner allowed the opportunity to 

characterize microbial communities associated with two unusual deaths that involved long-term 

concealment via freezing, with substantial altering of the microbiome profiles and changes in 

their communities during the thawing process. Since the bodies were completely frozen at the 

time of discovery, data also represent new microbiome profiles for two frozen bodies with 

estimated postmortem intervals that ranged from 22-31 months. These data highlight the inherent 

variability in circumstances of death where the collected microbiome evidence may be complex 

in terms of analyses and interpretation, because microbial communities likely change when the 

cadaver has been moved or preserved for concealment.  How physical changes, such as freezing, 

affect the microbiome are also not well defined in the existing literature. Additional data 

collected during death investigation are needed to fully understand the variability in the human 

postmortem microbiome and its potential utility in forensic science. 
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Figure Legends  

 

FIG. 1—Evidence of freezing artifacts in the brain (A, B) and heart (C, D) tissues. Freezing 

caused clear spaces form chains of pseudobubbles in the brain, while it also caused cleavage of 

tissue planes in heart.  

 

FIG. 2—Diversity metric estimates of the postmortem microbiomes as the bodies thawed over a 

ca. 48 h period. (A) Mean (±SEM) observed species (OTU) richness estimate, mean (±SEM) 

Simpson diversity estimate, and the mean (±SEM) Faith’s phylogenetic diversity estimate per 

sample at each collection time. (B) The mean (±SEM) diversity metric estimates, as previously 

discussed for panel A, were also calculated for each sampling area on the bodies as the thawing 

process occurred: ears (ER), nares (N), buccal (B), eyes (EY), rectum (R), and umbilicus (U). 

 

FIG. 3—Krona plot visualizing the taxonomic hierarchies of the 16S rRNA gene amplicon 

analysis performed with QIIME throughout the thawing process. The inner ring represents the 

different phyla associated with the bodies, and as the plot progresses outwards, there is an 

increasing taxonomic resolution for each ring (i.e., class, order, family and genus respectively). 

Sequences have been filtered to remove Archaea and only represent those OTUs with relative 

abundance greater than 0.1% are reported. 

 

FIG. 4—Heatmap of the genus level OTUs. Dendrogram linkages and distance of the OTUs are 

not phylogenetic, but based upon the mean read numbers of the OTUs within each samples. 

Scale shown in upper right corner of the figure represent colors in heat map associated with the 

relative abundance in percentage by z-score of microbes (cluster of variables in Y-axis) within 

each thawing period (X-axis). For full legend of genera see Table S3.   
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