R ES E A RC H | R E PO R TS

RE FE RENCES AND N OT ES

1. H. Seedorf et al., FEBS J. 274, 1588–1599 (2007).
2. V. B. Borisov, R. B. Gennis, J. Hemp, M. I. Verkhovsky, BBA
Bioenergetics 1807, 1398–1413 (2011).
3. S. E. Edwards et al., FEMS Microbiol. Lett. 185, 71–77 (2000).
4. R. K. Poole, S. Hill, Biosci. Rep. 17, 303–317 (1997).
5. L. Shi et al., Proc. Natl. Acad. Sci. U.S.A. 102, 15629–15634 (2005).
6. A. D. Baughn, M. H. Malamy, Nature 427, 441–444 (2004).
7. M. G. Mason et al., Nat. Chem. Biol. 5, 94–96 (2009).
8. A. Giuffrè, V. B. Borisov, M. Arese, P. Sarti, E. Forte, BBA
Bioenergetics 1837, 1178–1187 (2014).
9. M. Berney, T. E. Hartman, W. R. Jacobs Jr., mBio 5, e01275–14
(2014).
10. P. Lu et al., Scientific Rep. 5, 10333 (2015).
11. M. J. Miller, R. B. Gennis, J. Biol. Chem. 258, 9159–9165 (1983).
12. K. Kita, K. Konishi, Y. Anraku, J. Biol. Chem. 259, 3375–3381 (1984).
13. J. Sakamoto, A. Matsumoto, K. Oobuchi, N. Sone, FEMS
Microbiol. Lett. 143, 151–158 (1996).
14. R. J. Allen et al., BMC Genomics 15, 946 (2014).
15. J. Hoeser, S. Hong, G. Gehmann, R. B. Gennis, T. Friedrich,
FEBS Lett. 588, 1537–1541 (2014).
16. F. Spinner et al., Biochem. J. 308, 641–644 (1995).
17. J. Sun et al., Biochemistry 35, 2403–2412 (1996).
18. F. G. M. Wiertz et al., FEBS Lett. 575, 127–130 (2004).
19. Materials and methods are available as supplementary
materials on Science Online.
20. J. Deisenhofer, O. Epp, K. Miki, R. Huber, H. Michel, Nature 318,
618–624 (1985).
21. J. P. Allen, J. C. Williams, FEBS Lett. 438, 5–9 (1998).
22. T. Mogi et al., Biochemistry 45, 7924–7930 (2006).
23. S. Iwata, C. Ostermeier, B. Ludwig, H. Michel, Nature 376,
660–669 (1995).
24. H. M. Berman et al., Nucleic Acids Res. 28, 235–242 (2000).
25. S. Ovchinnikov, L. Kinch, H. Park, Y. Liao, J. Pei, D. E. Kim,
H. Kamisetty, N. V. Grishin, D. Baker, eLife Sci. 4, e09248 (2015).
26. H. Fang, R. J. Lin, R. B. Gennis, J. Biol. Chem. 264, 8026–8032
(1989).
27. T. Mogi, S. Endou, S. Akimoto, M. Morimoto-Tadokoro,
H. Miyoshi, Biochemistry 45, 15785–15792 (2006).
28. I. Belevich et al., Proc. Natl. Acad. Sci. U.S.A. 102, 3657–3662 (2005).
29. A. Paulus, S. G. Rossius, M. Dijk, S. de Vries, J. Biol. Chem. 287,
8830–8838 (2012).
30. K. Yang et al., Biochemistry 46, 3270–3278 (2007).
31. V. M. Luna, Y. Chen, J. A. Fee, C. D. Stout, Biochemistry 47,
4657–4665 (2008).
ACKN OW LEDG MEN TS

This work was supported by the Max Planck Society and the
Deutsche Forschungsgemeinschaft (Cluster of Excellence
Macromolecular Complexes Frankfurt), by a Grant-in-Aid for
Scientific Research (C) (25440050 to J.S.) from the Japan Society
for the Promotion of Science, and by the National Institutes of
Health (grant R01GM092802). We thank the staff of beamline
X10SA of the Swiss Light Source for assistance. Parts of the
experiments were performed on beamlines ID29, ID23.1, and
ID23.2 at the European Synchrotron Radiation Facility, Grenoble,
France. We are grateful to beamline scientists for providing
assistance; D. Baker for support during model building; and
R. Gennis, U. Ermler, R. Murali, and A. Resemann for scientific
discussion and expertise. Coordinates and structure factors have
been deposited under PDB accession codes 5DOQ and 5IR6.

SUPPLEMENTARY MATERIALS

www.sciencemag.org/content/352/6285/583/suppl/DC1
Materials and Methods
Supplementary Text
Figs. S1 to S7
Table S1
References (32–59)
13 January 2016; accepted 28 March 2016
10.1126/science.aaf2477

586

29 APRIL 2016 • VOL 352 ISSUE 6285

MICROBIOME

Durable coexistence of donor and
recipient strains after fecal
microbiota transplantation
Simone S. Li,1,2 Ana Zhu,1 Vladimir Benes,3 Paul I. Costea,1 Rajna Hercog,3 Falk Hildebrand,1
Jaime Huerta-Cepas,1 Max Nieuwdorp,4,5,6 Jarkko Salojärvi,7,8 Anita Y. Voigt,1,9,10
Georg Zeller,1 Shinichi Sunagawa,1* Willem M. de Vos,7,11,12* Peer Bork1,10,13,14*
Fecal microbiota transplantation (FMT) has shown efficacy in treating recurrent Clostridium
difficile infection and is increasingly being applied to other gastrointestinal disorders, yet the
fate of native and introduced microbial strains remains largely unknown. To quantify the extent
of donor microbiota colonization, we monitored strain populations in fecal samples from a
recent FMT study on metabolic syndrome patients using single-nucleotide variants in
metagenomes. We found extensive coexistence of donor and recipient strains, persisting 3
months after treatment. Colonization success was greater for conspecific strains than for new
species, the latter falling within fluctuation levels observed in healthy individuals over a similar
time frame. Furthermore, same-donor recipients displayed varying degrees of microbiota transfer,
indicating individual patterns of microbiome resistance and donor-recipient compatibilities.

F

ecal microbiota transplantation (FMT), which
entails the transfer of a microbial community from a healthy donor to a patient (often after bowel lavage), has emerged as a
promising treatment option for a range of
chronic disorders (1–3). However, despite having a
success rate of over 90% for recurrent Clostridium
difficile infection (R-CDI) (1), there are indications that the therapy as currently performed is
not as effective in treating other diseases (4). This,
in addition to inherent risks (5), has created a need
to characterize and understand the full effects of
FMT on the microbiome of the recipient, across
different diseases.
Recent studies have indicated that establishment of donor-specific species is possible alongside
resident microbiota of the recipient (6–9) and
that they can still be detected 70 days after FMT
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(7). However, the definitive origin of these newly
observed species—whether they are indeed from
the donor or from other sources (for example, diet
or environment) or had simply been below detection levels in the recipient—is uncertain. Moreover, in the majority of these studies, the FMT
procedure was preceded by a course of antibiotics,
which is known to alter the gut flora (10, 11) and
may or may not facilitate implantation of exogenous microorganisms.
The full extent to which donor microbiota colonize in a recipient host has not yet been measured, as studies to date have been restricted to
genus- and species-level comparisons and have
not distinguished or elucidated the fate of donor
and recipient strains of the same species (6–9, 12).
Genetic variants of bacterial species are known
to coexist in the gut (13), and strain-level differences
have recently been shown to have functional and
clinically relevant consequences (13–15). However,
other studies in humans and model systems have
found that newly introduced nonpathogenic strains
are unable to persist in an established gut ecosystem—
especially if the species was already present—be
they probiotics (16), xenomicrobiota (17), or even
modified strains isolated from the same healthy
individual (18).
Here, we quantify and describe the extent of
changes to the population structure of the gut
microbiome after FMT, at both species and strain
level, using shotgun metagenomic data. Donor
strains established extensively in the recipient
and persisted over the 3-month observational
period, either replacing or, more strikingly, existing alongside indigenous strains. Outcomes varied
across donor-recipient pairs, indicating that microbiome compatibility (the likelihood that donor
strain populations are able to coexist or even replace microbial strains in the recipient) is a factor that could provide a rationale for more targeted
microbiota-based therapies.
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(31). Our bd oxidase structure does not indicate
the presence of such voluminous pathways;
instead, molecular oxygen may access heme d
laterally from the alkyl chain interface with
the membrane over a short distance (Fig. 2B).
Hence, oxygen dissolved in the membrane could
rapidly bind to heme d without traveling through
any tunnel-like protein cavity.
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an autologous FMT (i.e., a placebo equivalent)—
had samples collected at consistent time points
(once before treatment and four times after treatment). To contextualize our findings, we compared
the cohort to 109 metagenomes of 48 healthy,
FMT-naïve individuals from published longitudinal studies including the Human Microbiome
Project (20–22). Changes after FMT were monitored over multiple time points, using pre-FMT
samples of each donor-recipient pair as a baseline for allogenic FMT and placebo-treated re-

2 14 42 84

cipients and initial time point (day 0) samples for
healthy control subjects (fig. S1).
Using a taxonomic marker gene-based approach
that accounts for both known and putative species
(22, 23), we observed compositional shifts in both
allogenic and placebo-treated FMT recipients. These
were above the range of natural temporal variation
in healthy individuals (Wilcoxon rank-sum test,
P = 2.20 × 10–6 and 3.86 × 10–3) (Fig. 1A and fig. S2),
suggestive of an additive effect of bowel lavage
and microbiota transfer on the gut microbiome.
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Using shotgun metagenomics, we sequenced
55 fecal samples from a recent FMT study of
metabolic syndrome patients (2). In contrast to
previous investigations, subjects in this study
had not used antibiotics or other medication
for at least 3 months before treatment, nor did
they do so during treatment, thus minimizing
associated confounding effects (10, 11, 19). The
cohort of 10 subjects—half of whom received a
single allogenic FMT (from one of three lean donors unrelated to the recipients) and the other half,
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Species distribution (%)

Fig. 2. Allogenic FMT instigates more variation
at the strain level compared with placebo-treated
and healthy individuals, most likely due to donor
microbiota transfer. (A) Fraction of single-site allelic variation (compared to pre-FMT samples),
averaged across species, is significantly higher in
the allogenic FMT group than placebo-treated and
healthy individuals (Wilcoxon rank-sum test; ***P <
0.0001). Median values across individuals are highlighted by the diamond shape. (B) Average fraction
of donor- and recipient-specific SNVs detected
across 42 prevalent species in allogenic FMT recipients. Genomic positions containing both donor- and
recipient-specific SNVs are shown in yellow; nondeterminant positions (SNVs observed in none or
both donor and recipient before FMT) are in gray.
Presence of donor- and recipient-specific SNVs
indicate durable coexistence of donor and recipient
strains; decline of donor strains between 42 and
84 days after FMT is negligible. Retention of donorspecific SNVs is notably higher than the assignment error rate of 11.9% (dotted line) (22).
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portion of donor-specific species was either below
or not significantly different from the fluctuations
of new species detected over time in the placebotreated group (20.8 ± 5.5%) and healthy group
(17.7 ± 10.9%) (Fig. 1B and table S2), which was
also observed using 16S ribosomal RNA gene-based
profiling (fig. S5). We therefore propose that the
detection of presumably donor-specific species
in recipients after FMT is by itself not sufficient
proof of colonization and in future studies should
be contextualized by background variation.
A large fraction of species in allogenic FMT
recipients was also present in their donor (64.5 ±
6.0%) (Fig. 1B). Determining the fate of these
bacteria—that is, whether donor microbes are able
to colonize and whether they replace or coexist with
recipient microbiota—requires analytical resolution
at the strain level. To this end, we used meta-

genomic single-nucleotide variant (SNV) analysis
(24) to distinguish and trace donor- and recipientspecific strain populations, because the full genomic
reconstruction of uncharacterized strains from a
complex community is not yet available (25).
We extended the approach by Schloissnig et al.
(24) to account for rare and less abundant strains
and applied it to the 164 fecal metagenomes
from the three study groups (22). This provided
a starting set of 11.8 million variant positions
across the genomes of 1105 detected prokaryotic species (table S3).
To compare the extent of strain-level changes
among the study groups, SNVs identified in baseline samples were monitored over multiple time
points (Fig. 2A and fig. S1). We observed a higher
level of single-site allelic variation in allogenic FMT
recipients than in the placebo and healthy groups

Downloaded from http://science.sciencemag.org/ on May 1, 2016

Compared with the other two groups, allogenic
FMT microbiomes underwent considerably larger
changes (P = 7.49 × 10–8) regardless of clinical
outcome (table S1), which can thus be attributed
to the introduction of donor microbiota and reflects previous reporting of increased microbial
diversity in these subjects (2). These changes
persisted for at least 3 months after treatment,
even though recipient microbiomes gradually lost
similarity to their respective donors (fig. S3), in
contrast to findings in R-CDI patients (7, 12).
Species putatively assigned as donor-specific
varied across recipients and were observed throughout the 3 months of the study (Fig. 1B and fig.
S4A). Retention of these new species positively
correlated to the number of donor-specific species identified in pre-FMT samples (R2 = 0.83)
(fig. S4B). However, in four of five cases, the pro-

Fig. 3. Coexistence of donor and recipient strains across species, 84 days
after FMT. (A) Distribution of donor- and recipient-specific SNVs for species
detected in more than one recipient at day 84. Species are ranked by the likelihood
of observing consistent donor (top) to recipient (bottom) strain dominance patterns (fig. S9). For clarity, full strain names are used in cases where species names
were ambiguous (table S4). Blanks signify species that were not detected at day 84
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or before FMT in donor and/or recipient. Coexistence of donor- and recipientspecific strains can be observed across species and recipients. The colonization success of donor strains does not appear to be associated with taxonomic
affiliation of the species. (B) Extent of strain coexistence (yellow) in each recipient, summarized for detected species. Species with observed dominance of
donor (orange) or recipient (blue) strains comprised a smaller proportion.
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in more than one recipient at the end of the study,
a pattern of donor strains establishing alongside
indigenous strains of the recipient was seen (Fig. 3A).
Whereas 39 ± 23% of species showed resistance
to introduced strains, coexistence of donor and
recipient strains was observed in 44 ± 14% of
species detected in recipients (Fig. 3B). Durability
of donor strains varied widely for most species,
ranging from complete replacement of recipient strains to extinction (for example, Alistipes
putredinis and Ruminococcus bromii fall at the
extremes in FMT4 and 5). Most strikingly, however,
donor strains of Roseburia hominis, Ruminococcus
lactaris, and Akkermansia muciniphila appeared
to dominate recipient strains, with almost complete substitution, even in the case of FMT1, who
rejected most donor strains and species over time
(Figs. 1B and 3A and fig. S8). By contrast, recipient
strains of Eubacterium hallii and Parabacteroides
distasonis showed resistance to donor strains
by day 84 (fig. S8) (22). Based on these observations, we used a random permutation approach
to rank species that showed consistent patterns
of donor or recipient strain dominance (fig. S9)
(22). Overall, colonization success and subsequent
dominance or rejection of donor strains did not
seem to depend on taxonomic affiliation of the
species nor on differences in relative abundance
between donor and recipient species (Fig. 3A and
fig. S10), in contrast to previous findings in RCDI patients (6, 9). It was also not restricted to
particular strains, genome size, phenotypic features (such as Gram stain), known functional capacities of a species, or clinical parameters (tables
S1 and S5). Given these results, we propose that
aspects such as strain and species fitness (27) and
colonization resistance (28) should be studied in
the context of microbiome resilience and immune
responses of the recipient. Differences in the colonization success of donor strains across recipients also highlight the need for resolution beyond
species level to understand the mechanisms (for
example, how nonindigenous strains can elude
host immune defense responses) and ecological
effects underlying microbiota-based therapies.
Taken together, we have used intraspecies genetic variation to monitor strain populations within gut microbial communities. Applied to FMT,
we observed an extensive and durable coexistence
of donor and recipient strains of the same species,
with a considerable amount of strain replacement
(compared with a negligible uptake of donor species) that was not associated with clinical outcome. This suggests that introduced bacterial strains
can be readily accepted and persist in an established
gut microbial community, even when the species
is already present. This contrasts with previous
findings on isolated strains in non-FMT settings
(16–18) and potentially extends to a wider context,
such as the infant gut during development (13).
The complete replacement of indigenous strains
also introduces the possibility for the use of a consortia of characterized and/or customized strains
to modulate the microbiome by, for example,
outcompeting undesirable strains (29), hence
encouraging the development of more defined
microbiota-based precision treatments.

REFERENCES AND NOTES

1. E. van Nood et al., N. Engl. J. Med. 368, 407–415 (2013).
2. A. Vrieze et al., Gastroenterology 143, 913–916.e7 (2012).
3. L. P. Smits, K. E. C. Bouter, W. M. de Vos, T. J. Borody,
M. Nieuwdorp, Gastroenterology 145, 946–953 (2013).
4. N. G. Rossen et al., Gastroenterology 149, 110–118.e4 (2015).
5. N. Alang, C. R. Kelly, Open Forum Infect. Dis. 2, ofv004 (2015).
6. S. Angelberger et al., Am. J. Gastroenterol. 108, 1620–1630 (2013).
7. S. Fuentes et al., ISME J. 8, 1621–1633 (2014).
8. A. M. Seekatz et al., MBio 5, e00893-14 (2014).
9. Y. Song et al., PLOS One 8, e81330 (2013).
10. L. Dethlefsen, D. A. Relman, Proc. Natl. Acad. Sci. U.S.A. 108
(suppl. 1), 4554–4561 (2011).
11. C. F. Maurice, H. J. Haiser, P. J. Turnbaugh, Cell 152, 39–50 (2013).
12. A. Weingarden et al., Microbiome 3, 10 (2015).
13. I. Sharon et al., Genome Res. 23, 111–120 (2013).
14. S. Greenblum, R. Carr, E. Borenstein, Cell 160, 583–594 (2015).
15. A. Zhu, S. Sunagawa, D. R. Mende, P. Bork, Genome Biol. 16, 82 (2015).
16. R. M. Robins-Browne, M. M. Levine, Am. J. Clin. Nutr. 34,
514–519 (1981).
17. H. Seedorf et al., Cell 159, 253–266 (2014).
18. J. D. Anderson, W. A. Gillespie, M. H. Richmond, J. Med.
Microbiol. 6, 461–473 (1973).
19. K. Forslund et al., Nature 528, 262–266 (2015).
20. A. Y. Voigt et al., Genome Biol. 16, 73 (2015).
21. B. A. Methé et al., Nature 486, 215–221 (2012).
22. Materials and methods are available as supplementary
materials on Science Online.
23. S. Sunagawa et al., Nat. Methods 10, 1196–1199 (2013).
24. S. Schloissnig et al., Nature 493, 45–50 (2013).
25. C. Luo et al., Nat. Biotechnol. 33, 1045–1052 (2015).
26. M. B. Smith, C. Kelly, E. J. Alm, Nature 506, 290–291 (2014).
27. C. Portal-Celhay, M. J. Blaser, Infect. Immun. 80, 1288–1299 (2012).
28. C. G. Buffie et al., Nature 517, 205–208 (2015).
29. W. M. de Vos, Microb. Biotechnol. 6, 316–325 (2013).
AC KNOWLED GME NTS

We thank M. R. Wilkins, A. Typas, and members of the Bork group, as
well as B. Klaus from the Centre for Statistical Data Analysis at the
European Molecular Biology Laboratory (EMBL) for helpful
discussions. We acknowledge the EMBL Genomics Core Facility for
sequencing support and Y. P. Yuan and the EMBL Information
Technology Core Facility for support with high-performance
computing. S.S.L. is the recipient of an Australian Postgraduate Award
and EMBL Australia International Ph.D. Fellowship. F.H. received
funding through the European Union’s Horizon 2020 research and
innovation program under the Marie Skłodowska-Curie grant
agreement no. 600375. M.N. is supported by a VIDI 2013 grant
(016.146.327) as well as a CVON 2012 grant (IN-CONTROL). This
work has received funding through the CancerBiome and
MicrobesInside projects (European Research Council project
references 268985 and 250172), the Academy of Finland (grants
141140 and 271832), the Netherlands Organization for Scientific
Research (Spinoza Prize and SIAM Gravity grant 024.002.002), the
Metagenomics in Cardiometabolic Diseases project (FP7-HEALTH2012-INNOVATION-I-305312) and the International Human
Microbiome Standards project (HEALTH-F4-2010-261376). M.N. and
W.M.dV. are founders and scientific advisory board members of
Caelus Health. M.N. and W.M.dV. are inventors on the patent
application entitled “Method for preventing and/or treating insulin
resistance” (WO 2013032328, also published as CA2851602A1,
CN104244733A, EP2753187A1, US20140294774), filed 30 August
2012 by Academic Medical Centre Amsterdam and Wageningen
University. M.N. is a scientific advisory board member of Seres
Therapeutics Inc., and has received funds for speaking from
AstraZeneca plc, Danone, and Eli Lilly and Company. Study sequence
data reported in this paper are deposited in the European Nucleotide
Archive under accession number PRJEB12357. Author contributions:
P.B., S.S., and S.S.L. conceived and managed the project. S.S.L. and
P.B. wrote the manuscript with input from all other authors. W.M.dV.,
M.N., and A.Y.V. designed study protocol, recruited subjects, and
obtained samples. R.H. and V.B. performed metagenomic shotgun
sequencing. S.S.L., S.S., A.Z., P.I.C., J.S., G.Z., F.H., and J.H-C.
designed and performed data analysis.
SUPPLEMENTARY MATERIALS

www.sciencemag.org/content/352/6285/586/suppl/DC1
Materials and Methods
Figs. S1 to S14
Tables S1 to S7
References (30–46)
17 November 2015; accepted 29 March 2016
10.1126/science.aad8852

29 APRIL 2016 • VOL 352 ISSUE 6285

589

Downloaded from http://science.sciencemag.org/ on May 1, 2016

(P = 1.35 × 10–5 and 1.50 × 10–6, respectively), which
indicated the presence of additional strains (22).
To investigate whether the increased variation
was due to the transfer and establishment of donor microbiota, we defined a set of determinant
genomic positions (containing both donor- and
recipient-specific SNVs), which we monitored over
time (fig. S1 and table S3) (22). For confident SNV
detection and tracking, we focused on species
that were consistently detected with sufficient
abundance in at least one donor-recipient pair,
resulting in 42 species across five phyla (table S4).
Determinant positions for these species, which are
prevalent in the general population (24), ranged
from 66 to 161,800 (median 15,550) and were located throughout their respective genomes (fig. S6).
Across recipients, we observed transfer of donor strains (Fig. 2B and fig. S7). Donor-specific
SNVs were most highly retained 2 days after
FMT (69.3 ± 21.8% of determinant positions
across recipients) and were still present 3 months
later (37.6 ± 16.6%) (Fig. 2B and fig. S7). This contrasts with much lower rates of variation observed
at equivalent time points in placebo-treated
(day 84) and healthy (days 60 to 84) individuals
(9.5 ± 1.8% and 2.9 ± 1.3%, respectively) (Fig. 2A)
and shows that our findings result from donorstrain transfer and not only temporal variability or
abundance variation beyond detection thresholds.
Furthermore, it indicates that donor strains can colonize in the human gut after bowel lavage [which
causes a short-term decrease in microbial diversity (20)] and without prior antibiotic treatment.
Marked differences in colonization success were
observed between allogenic recipients who shared
a donor (subjects FMT1, 2, and 3). Three months
after treatment, FMT2 and 3 retained a higher
amount of donor-specific SNVs compared with
FMT1 (46.1%, 56.6%, and 12.0%, respectively) (Fig.
2B). The perceived resistance to incoming strains
in FMT1 was also reflected in the overall microbiome composition of this subject, which reverted
to the pre-FMT state, whereas FMT2 and 3 displayed more persistent compositional changes
(Fig. 1A). Responses to FMT treatment may thus
be idiosyncratic and depend on the compatibility
of the donor and recipient microbiomes and/or
the disease state involved. A “one-stool-fits-all”
model currently supported by standardized donor
stool banks may not be clinically appropriate (26).
Apart from the one case of microbiome resistance, we observed extensive coexistence of donor
and recipient strains (in 50.7 ± 10.1% of shared
species) in all other recipients, which persisted for
at least 3 months (Fig. 2B). This suggests that
novel strains can colonize in the gut without replacing the indigenous strain population of the
recipient. It appears that introduced strains are
more likely to establish in a new environment if
the species is already present. The decline of
donor-strain populations detected between 1.5
and 3 months after FMT was negligible, implying that potentially long-term strain coexistence
might occur.
We sought to determine the extent of donor
and recipient strain coexistence across species.
Focusing on the 29 species that could be detected
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Persistence of fecal transplants
Fecal microbiota transplantation is a successful way of treating the distressing symptoms of
irritable bowel disease or Clostridium difficile infection. The procedure is done by administering a
concentrate of colonic bacteria from a healthy donor. Li et al. used metagenomic data to look at
single-nucleotide variants after transplants in humans. Donor and recipient strains coexisted for at least
3 months. Some donor strains replaced related strains of the same species, but totally novel species from
a donor were unlikely to thrive in a recipient. Rational design of personalized fecal transplant
''cocktails'' will therefore rely on resolution beyond the species level.
Science, this issue p. 586
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