
In this study, we screened 12 biopsy samples
from the gastrointestinal tract of the Iceman, a
5300-year-old Copper Age mummy, for the pres-
ence ofH. pylori. Stable isotope analyses showed
that the Iceman originated and lived in Southern
Europe, in the Eastern Italian Alps (10). Genet-
ically, he most closely resembles early European
farmers (11–13). The Iceman’s stomach was dis-
covered in a reappraisal of radiological data and
contains the food he ingested shortly before his
death (Fig. 1) (14). The study material included
stomach content, mucosa tissue, and content of
the small and large intestines (table S1). By using
direct polymerase chain reaction (PCR), meta-
genomic diagnostics, and targeted genome cap-
ture (figs. S1 and S2), we determined the presence
of H. pylori and reconstructed its complete
genome.

Metagenomic analysis yielded endogenous an-
cient H. pylori DNA (15,350 reads) in all gastro-
intestinal tract contents (Fig. 1 and table S4). A
control data set derived fromIceman’smuscle tissue
wasnegative. The distribution of the observed read
counts throughout the Iceman’s intestinal tract
is similar to that in modern H. pylori–positive
humans, with abundance decreasing from the
stomach toward the lower intestinal tract (15, 16).
The retrieved unambiguous reads were aligned
to a modern H. pylori reference genome (strain
26695) and showed damage patterns indicative of
ancientDNA (fig. S7) (17). After DNA repair, theH.
pyloriDNAwas enriched up to 216-fold by using
in-solution hybridization capture (Agilent) (fig. S5).
From this data set, 499,245 nonredundant reads
mapped to 92.2% of the 1.6-MbH. pylori reference

genomewith an 18.9-fold average coverage (Fig. 2).
In comparison with the reference, the Iceman’s
ancient H. pylori genome had ~43,000 single-
nucleotide polymorphisms (SNPs) and 39 dele-
tions that range from 95 base pair (bp) to 17 kb
and mainly comprise complete coding regions.
Owing to deletions, the number of genomic
variants is slightly below the range of what can
be observed between modern H. pylori strains
(table S13). The analysis of SNP allele frequen-
cies does not indicate an infection by more than
one strain (supplementary materials S6). In ad-
dition, as expected for this highly recombinant
bacterium, we found evidence for gene insertions
from H. pylori strains that differ from the refer-
ence genome (details about the InDels are pro-
vided in supplementary materials S8).
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Fig. 1. H. pylori–specific reads detected in the metagenomic data
sets of the Iceman’s intestine content samples.The color gradient dis-
plays the number of unambiguous H. pylori reads per million meta-

genomic reads. Control metagenomic data sets of the Iceman’s muscle tissue and of the extraction blank
were included in the analysis.The different intestinal content sampling sites aremarked in the radiographic
image by the following symbols: asterisk, stomach content; circle, small intestine; square, upper large
intestine; triangle, lower large intestine.The sampling site of themuscle control sample is highlighted in the
Iceman overview picture (diamond).

Fig. 2. Gene coverage
and distribution of the
enriched and validated
Iceman H. pylori reads
mapped onto the 1.6 Mb
large reference genome
H. pylori 26695.The
coverage plot displayed in
black is superimposed onto
the genomic plot.The bar
on the right-hand side indi-
cates a coverage of up to
50×.The gene coding
sequences are shown in
blue (positive strand) and
yellow (negative strand)
bars in the genomic plot.
The loci of the ribosomal
RNA genes, of two virulence genes (vacA and cagA), and of seven genes used for MLSTanalysis are highlighted in the genome plot.
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