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Introducing the sporobiota
and sporobiome
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Abstract

Unrelated spore-forming bacteria share unique characteristics stemming from the presence of highly resistant
endospores, leading to similar challenges in health and disease. These characteristics are related to the presence of
these highly transmissible spores, which are commonly spread within the environment and are implicated in host-
to-host transmission. In humans, spore-forming bacteria contribute to a variety of pathological processes that share
similar characteristics, including persistence, chronicity, relapses and the maintenance of the resistome. We first out-
line the necessity of characterizing the totality of the spore-forming bacteria as the sporobiota based on their unique
common characteristics. We further propose that the collection of all genes of spore-forming bacteria be known as
the sporobiome. Such differentiation is critical for exploring the cross-talk between the sporobiota and other mem-
bers of the gut microbiota, and will allow for a better understanding of the implications of the sporobiota and sporo-

biome in a variety of pathologies and the spread of antibiotic resistance.

The unique characteristics of spore-forming bacteria are
conditioned by the presence of endospores that are prac-
tically impermeable due to various traits, including the
components of the core, cortex, coat and membranes [1].

The resistance of these spores results in their long-term
survival under unfavorable conditions and various types
of environmental exposure, such as high and low tem-
peratures, UV, radiation, nutrient and water deprivation,
antimicrobial agents, and the host immune system [2].
Such resistance results in the broad spreading of spore-
formers in the outer environment, high transfer rates
between various distinct ecological niches and frequent
exchange between living organisms, including humans,
in whom we suggest that spore-formers play a particular
role in the microbiota [3, 4].

The effectiveness of microbiota research is influenced
by the source from which it isolated (e.g. environmental
microbiota, human microbiota, gut), as well as the com-
ponents of the microbiota. Thus, to elucidate the bacte-
rial components of microbiota, bacterial microbiomes
are studied; viral or fungal components are investigated
as part of virome or mycobiome research, while the
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determination of the collection of all antibiotic resistance
genes requires the study of the resistome [5-8]. Such
differentiation is important for exploring the interplay
between these various components of the microbiota and
to better understand the particularities of their individual
impacts on the host.

We first outline the necessity of describing spore-
forming bacteria as a separate entity within the global
ecosystem. Then, we summarize the major unique char-
acteristics of spore-formers, especially those related
to human health—particularly to the gut—and discuss
opportunities for future research.

The sporobiota and the sporobiome

We identified traits that allow the identification of
endospore-forming bacteria as an independent func-
tional group within global microbiota (Table 1).

We suggest that the collection of all spore-forming
bacteria be referred to as the sporobiota. To extend the
functional analysis of the sporobiota, it can be can be
classified based on different levels of representation, from
the global sporobiota to the clinical (disease-associated)
sporobiota of specific organisms or organ systems such as
gut sporobiota (Fig. 1).

© The Author(s) 2017. This article is distributed under the terms of the Creative Commons Attribution 4.0 International License
(http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license,

and indicate if changes were made. The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/
publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.


http://orcid.org/0000-0003-3205-9018
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13099-017-0187-8&domain=pdf

Tetz and Tetz Gut Pathog (2017) 9:38

Table 1 Unique common characteristics of endospore-
formers related to the presence of highly resistant spores

Specifically influenced by natural selection

Have an individual arrangement for fitness costs of antibiotic resistance
Resistant to various physico-chemical treatments, including antibiotics
Have strong binding properties

Highly transmissible

Implicated in the spread of antibiotic resistance

Spores trigger host immune responses with detrimental effects

Infections caused by sporeforming bacteria share similar characteristics:
persistence, chronicity, relapses

Global Sporobiota

Human Sporobiota

Disease-
associated
Sporobiota

Gut
Sporobiota

>; ‘

I .

Fig. 1 Conceptual presentation of the sporobiota. The boxes repre-
sent different levels of possible sporobiota representation. The global
sporobiota comprises the totality of all endospore-forming bacteria.
Both the human microbiota and the disease-associated sporobiota
(clinical sporobiota) are subsets of the total global sporobiota. The
global sporobiota, human sporobiota, disease-associated sporobiota,
gut sporobiota and the resistome overlap, as spore-formers play a
role in horizontal gene transfer

Similarly, we propose that the collective genomes of all
genes of spore-forming bacteria related to a specific eco-
logical niche be referred to as the sporobiome, which can
be divided into different subgroups in accordance with
the sporobiota’s identification.

Taking into consideration the unique characteristics of
spore-forming bacteria analyzed in the present study, we
suggest that the differentiation (identification) of spore-
formers as sporobiota and the collection of all their genes
into a sporobiome can shed new light on their particular
interplay with other members of the microbiota.

Notably, the study of the sporobiota and the sporobi-
ome as independent components of the microbiota and
the microbiome will facilitate the identification of their
individual impacts on human health including gut health.
Furthermore, these studies may aid in the elucidation of
the specific roles of the sporobiota and the sporobiome
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in horizontal gene transfer between ecological niches and
their contribution to the spread of antibiotic resistance.

An emerging factor in characterizing the sporobiota
and sporobiome independently is that due to advances
in technology, we now understand that the true role of
endospore-forming bacteria is poorly studied because
the investigation of their biodiversity remains challenging
3,9, 10].

The traditional approaches for determining the diver-
sity of spore-forming bacteria in environments and hosts
are challenging due to technical and biological difficul-
ties. One of the challenges involved is that endospores are
resilient to many traditional methods of DNA isolation
and are therefore potentially undetectable [4]. Another
challenge is the high similarity between 16S rRNA and
housekeeping genes among unrelated spore-formers,
which lead to underestimation in metagenomic analy-
ses [11, 12]. In addition, spore-forming bacteria exhibit
a larger average genome size than non-spore-formers,
resulting in fewer reads per gene per taxon and leading
to lower abundance estimates in metagenomic analyses
[13-15].

Genomic-based workflows using combined genetic,
culture and metagenomics methods are implemented
for targeting endospore-forming bacteria and allow the
identification of novel families, genera and species in the
environment and human microbiome [4, 16, 17] (Fig. 2).

Some of these bacteria recently identified in the human
microbiome have never previously been identified in
humans or are representatives of previously unknown
species, including species contributing to diseases [19].
In agreement with Celandroni et al., we identified a num-
ber of previously unknown spore-formers (including spe-
cies isolated from the human gut) associated with human
pathology as representatives of the disease-associated
(clinical) sporobiota [9, 11].

We further summarize the major unique characteris-
tics of spore-formers, especially those related to human
health.

Clinical challenges related to sporobiota:
persistence and relapses

In addition to recently isolated spore-forming bacteria,
there are several endospore-forming species associated
with the human gut microbiome. The most prominent
anaerobic bacterial spore-formers in the healthcare
environment are members of the Clostridiaceae fam-
ily and they are the causative agents of a variety of dis-
eases, including tetanus, gas gangrene, and botulism [20].
Clostridium difficile causes a variety of intestinal diseases,
from mild diarrhea to severe life-threatening inflamma-
tion of the colon [21]. Members of the Lachnospiraceae
are abundant in the digestive tracts of mammals and have
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Fig. 2 Phylogenetic representation of global sporobiome families based on 16S sequence similarity. Alignment was performed with CLUSTAL W.
The visualization of phylogenetic trees and statistical analyses were performed using iToL [18]
human diseases such as endocarditis, diarrhea, and irri-

table bowel syndrome, in addition to being a pathogen
associated with traumatic wounds and burns [24].
Paenibacillus spp. bacteria were not known to cause
human disease until recent reports implicated P. alvei, P
thiaminolyticus, and P. sputi, Paenibacillus sp. VT-400 in
bloodstream, respiratory and urinary tract infections [9,

been linked to obesity, whereas colonization by members
of the Erysipelotrichaceae is associated with gut disorders
such as inflammatory bowel diseases and colorectal can-

cer [22, 23].
Aerobic endospore-forming bacteria are also impli-
cated in human health. The members of the Bacil-
laceae family are well-known representatives of aerobic
endospore-forming bacteria isolated from the human
gut. While Bacillus anthracis was the first member of this
group to be associated with human pathology, Bacillus
cereus is currently recognized as being associated with

25, 26].
Persistence within the host is an important character-
istic of spore-formers and is a common characteristic of

disease processes caused by these bacteria [27, 28].



Tetz and Tetz Gut Pathog (2017) 9:38

A major challenge contributing to persistence is that
spores are metabolically dormant and show reduced sus-
ceptibility to biocides, thus playing an important role in
disease chronicity [29].

Notably, most infections are attributed to the biofilm
mode of growth, which is associated with reduced sus-
ceptibility to antibiotics, and microbial communities
formed by spore-forming bacteria are particularly resist-
ant to antimicrobial therapy [30].

The same characteristics contribute to the high relapse
rate of infections caused by spore-forming bacteria;
after the death of vegetative cells, spores allow bacterial
regrowth [31]. Thus, recurrent infection after the cessa-
tion of antibiotic therapy is a hallmark of spore-forming
bacterial persistence [32, 33]. Numerous reports have
shown that during the treatment of infections caused by
Clostridium spp., a few days after antibiotic withdrawal,
animals exhibited recurrent infection with the same
isolate (i.e., relapse) [34]. In clinical practice, the recur-
rence of symptoms after initial improvement of infec-
tions caused by Clostridium spp. is known to be as high
as 35% [27]. Based on the common evolutionary and
phenotypic characteristics of sporulation and germina-
tion, other spore-formers rely on the same interplay with
the host as Clostridiales species [31]. Similarly, infections
caused by members of the order Bacillales are charac-
terized by relapses, with restoration of bacterial growth
after successful antibiotic treatment followed by the clini-
cal improvement [35].

Another challenge associated with members of the
sporobiota is that spore-associated elements, such as
nucleic acids of the core or core proteins, trigger host
immune responses with detrimental effects [36]. Taken
together, these data suggest that unrelated spore-forming
bacteria exert certain effects on the host that are nearly
identical.

Transmission and spreading of the sporobiota

and sporobiome

The robustness of spores is attributed to their resistance
to various physio-chemical treatments, including most
disinfectants, in addition to their strong binding proper-
ties. As such, spores are the primary agents of the rapid
dispersal-conditioned global spreading of endospore-
formers [1, 37].

Spore-forming bacteria exhibit unique survival strate-
gies that facilitate their dispersal to and subsequent colo-
nization of new locations; thus, they play a unique role in
gene flow and horizontal gene transfer [38—40].

Spore-forming bacteria are globally distributed, includ-
ing in extreme environments. Existing metagenom-
ics methods indicate that in the outer environment,
endospore-formers are relatively rare, with an abundance
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of more than 1% being observed only for Bacilli and
Clostridia [38]. However, recent studies have indicated
that the numbers of spore-formers in the environment
and in hosts are underestimated due to the technical
challenges of DNA isolation from endospores [3, 4].

The transmission potential of members of the sporo-
biota and sporobiome plays an important role in human
health and diseases. First, spores are specialized for
host-to-host transmission. This property has impor-
tant implications for the inheritance of the microbiota
and its colonization of the infant gastrointestinal tract
[3, 41]. Spore-formers disseminate through patient-to-
patient contact, playing a role in host-to-host trans-
mission, which is expected to facilitate nosocomial
infections [31, 42]. Consequently, health care workers
and patients, even as asymptomatic carriers, are impor-
tant vectors for the nosocomial transmission of spore-
forming bacteria.

Environmental spore-forming bacteria that produce
spores (including those found in soil) are constantly
introduced into the human microbiota, as they more
aero-tolerant than non-spore-formers [3]. Such bacteria
represent a risk to immunocompromised hosts, in whom
the environmental sporobiota constitutes an important
source of potential infection [43]. Spore-forming bacteria
survive for long periods on medical surfaces and medi-
cal surroundings, making them an important source of
patient contamination [44]. The same process allows for
a vice versa transfer of spores from human to the outer
environment leading to the accumulation of resistant
spores that harbor multiple antibiotic-resistant genes in
the human surroundings.

The sporobiome and resistome

In the aggregate, the transmission of spore-forming bac-
teria has implications for the spread of antimicrobial
resistance and the transfer of resistance genes from the
environmental resistome into human commensals and
pathogens. Bacterial spores contain a complete copy of
the genome and represent a pool of virulence and anti-
biotic resistance genes that may be implicated in the
horizontal transfer of resistance genes to other bacterial
species [45, 46].

We have previously identified many antibiotic resist-
ance genes in a number of novel species of spore-form-
ing bacteria isolated from the human gut [9, 11, 16].
We found that some of these resistance genes are not
expressed; however, unexpressed genes remain a com-
ponent of the resistome, from which pathogenic bacteria
can acquire resistance via horizontal gene transfer [47].

Recent studies have also shown that environmental
spore-forming bacteria exhibit an extremely high diver-
sity of antibiotic resistance genes.
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Taking into consideration high transfer rates and
apparent overlap between different ecological niches of
the members of sporobiota including overlap between
environmental and clinical species, this represents a par-
ticular challenge for the spread of antibiotic resistance [5,
48, 49]. The sporobiome serves as a unique reservoir for
the dissemination of resistance that has already emerged
or has the potential to emerge in clinically important
bacteria [50]. It is therefore vital that the resistance prop-
erties of spores and their high transmission potential are
employed to delineate the unique role of the sporobiome
in the resistome.

Conclusions and perspectives

In this article, we propose the new terms sporobiota and
sporobiome, highlighting that this distinction is not solely
an academic issue. Based on specific, common character-
istics of endospore-formers compared with other repre-
sentatives of the microbiota, such a differentiation has
important implications, predominantly for human health
and diseases. These characteristics are related to the
presence of highly transmissible spores, which are com-
monly spread within the environment and are implicated
in host-to-host transmission. Such similar characteristics
of the pathological process include a chronic and recur-
rent course, the specific immune response to the spores,
and the spreading and maintenance of the resistome.

We first outlined how such a distinction will reveal the
particularities of the interaction of the sporobiota with
other ecosystem components of the environmental and
human microbiota, which will facilitate the identifica-
tion of new disease treatments and ways to overcome the
spreading of antimicrobial resistance.

The high transmission dynamics and geographic distri-
bution of spore-formers are well documented. However,
the study of sporobiota biodiversity will require improve-
ments in molecular tools. Existing genetic methods, such
as high-throughput sequencing, have insufficient ana-
lytical accuracy for the elucidation of biodiversity and do
not allow the evaluation of the true abundance of spore-
formers in the environment or hosts. Further research is
likely to be concentrated on the improvement of comput-
ing power, the development of specific isolation work-
flows combining traditional culture approaches with
genetic strategies and the creation of specific databases.
Using developed workflows, we have only just begun
to understand the high level of diversity that has been
revealed and to just scratch the surface of the sporobiota
and sporobiome. Much more work remains.

Authors’ contributions

Analyzed the data: GT and VT. Contributed materials and analysis tools: VT and
GT. Helped draft the manuscript: GT. Both authors read and approved the final
manuscript.

Page 5 of 6

Competing interests
The authors declare that they have no competing interests.

Availability of supporting data
The dataset supporting the conclusions of this article is included within the
article.

Funding
This research received no specific grant from any funding agency in the pub-
lic, commercial, or not-for-profit sectors.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Received: 14 June 2017 Accepted: 16 June 2017
Published online: 30 June 2017

References

1. Setlow P. Spores of Bacillus subtilis: their resistance to and killing by radia-
tion, heat and chemicals. J Appl Microbiol. 2006;2006(101):514-25.

2. Riesenman P, Nicholson W. Role of the spore coat layers in Bacillus subtilis
spore resistance to hydrogen peroxide, artificial UV-C, UV-B, and solar UV
radiation. Appl Environ Microbiol. 2000,66:620-6.

3. Browne H, Forster S, Anonye B, Kumar N, Neville B, Stares M, Goulding D,
Lawley T. Culturing of ‘unculturable’human microbiota reveals novel taxa
and extensive sporulation. Nature. 2016;533:543-6.

4. Filippidou S, Junier T, Wunderlin T, Lo C, Li P, Chain P, Junier P Under-
detection of endospore-forming Firmicutes in metagenomic data. CSBJ.
2015;13:299-306.

5. D'Costa V. Sampling the antibiotic resistome. Science. 2006;311:374-7.

6.  Gillings M. Evolutionary consequences of antibiotic use for the resistome,
mobilome and microbial pangenome. Front Microbiol. 2013;4:4.
doi:10.3389/fmicb.2013.00004.

7. Peay K, Kennedy P, Talbot J. Dimensions of biodiversity in the earth myco-
biome. Nat Rev Microbiol. 2016;14:434-47.

8.  Grice E, Segre J. The human microbiome: our second genome. Annu Rev
Genom Hum Genet. 2012;13:151-70.

9. Tetz G, TetzV, Vecherkovskaya M. Genomic characterization and assess-
ment of the virulence and antibiotic resistance of the novel species
Paenibacillus sp. strain VT-400, a potentially pathogenic bacterium
in the oral cavity of patients with hematological malignancies. Gut
Pathog. 2016;8:6. doi:10.1186/513099-016-0089-1

10. TetzV, Tetz G. Draft genome sequence of a strain of Bacillus intesti-
nalis sp. nov., a new member of sporobiota isolated from the small
intestine of a single patient with intestinal cancer. Genome Announc.
2017,;5:e00489.

11. Tetz G, Tetz V. Complete genome sequence of Bacilli bacterium strain
VT-13-104 isolated from the intestine of a patient with duodenal cancer.
Genome Announc. 2015;3:e00705-15.

12. Wang L, Lee F, Tai C, Kasai H. Comparison of gyrB gene sequences, 16S
rRNA gene sequences and DNA-DNA hybridization in the Bacillus subtilis
group. Int J Syst Evol Microbiol. 2007;57:1846-50.

13. Nayfach S, Pollard K. Average genome size estimation improves compara-
tive metagenomics and sheds light on the functional ecology of the
human microbiome. Genome Biol. 2015;16:51.

14. Nayfach S, Pollard K. Toward accurate and quantitative comparative
metagenomics. Cell. 2016;166:1103-16.

15. Galperin M. Genome diversity of spore-forming firmicutes. Microbiol
Spectr. 2013;1:TBS-0015.

16. TetzV, Tetz G. Draft genome sequence of Bacillus obstructivus
VT-16-70 isolated from the bronchoalveolar lavage fluid of a patient
with chronic obstructive pulmonary disease. Genome Announc.
2017;5:e01754-16.

17. Vartoukian S. Cultivation strategies for growth of uncultivated bacteria. J
Oral Biosci. 2016;58:143-9.


http://dx.doi.org/10.3389/fmicb.2013.00004
http://dx.doi.org/10.1186/s13099-016-0089-1

Tetz and Tetz Gut Pathog (2017) 9:38

20.

21

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33

34

Letunic |, Bork P. Interactive tree of life (iTOL) v3: an online tool for the
display and annotation of phylogenetic and other trees. Nucleic Acids
Res. 2016;44:W242-5.

Celandroni F, Salvetti S, Gueye S, Mazzantini D, Lupetti A, Senesi S,
Ghelardi E. Identification and pathogenic potential of clinical Bacillus and
Paenibacillus isolates. PLoS ONE. 2016;11:¢0152831.

Stevens D, Aldape M, Bryant A. Life-threatening clostridial infections.
Anaerobe. 2012;18:254-9.

Pothoulakis C, LaMont JT. Clostridium difficile colitis and diarrhea. Gastro-
enterol Clin N Am. 1993:22:623-37.

Kaakoush N. Insights into the role of Erysipelotrichaceae in the human
host. Front Cell Infect Microbiol. 2015;5:84.

Meehan C, Beiko R. A phylogenomic view of ecological specialization

in the Lachnospiraceae, a family of digestive tract-associated bacteria.
Genome Biol Evol. 2014;6:703-13.

Kotiranta A, Lounatmaa K, Haapasalo M. Epidemiology and pathogenesis
of Bacillus cereus infections. Microbes Infect. 2000;2:189-98.

Kim K, Lee K, Yu H, Ryoo S, Park Y, Lee J. Paenibacillus sputi sp. nov., isolated
from the sputum of a patient with pulmonary disease. Int J Syst Evol
Microbiol. 2009;60:2371-6.

Ouyang J, et al. Paenibacillus thiaminolyticus: a new cause of human infec-
tion, inducing bacteremia in a patient on hemodialysis. Ann Clin Lab Sci.
2008;38:393-400.

Gough E, Shaikh H, Manges A. Systematic review of intestinal microbiota
transplantation (fecal bacteriotherapy) for recurrent Clostridium difficile
infection. Clin Infect Dis. 2011;53:994-1002.

Bottone E. Bacillus cereus, a volatile human pathogen. Clin Microbiol Rev.
2010;23:382-98.

Schaefer G, Campbell W, Jenks J, Beesley C, Katsivas T, Hoffmaster A,
Mehta S, Reed S. Persistent Bacillus cereus bacteremia in 3 persons who
inject drugs, San Diego, California, USA. Emerg Infect Dis. 2016;22:1621-3.
ThapaT, Leuzzi R, Ng Y, Baban S, Adamo R, Kuehne S, Scarselli M,

Minton N, Serruto D, Unnikrishnan M. Multiple factors modulate biofilm
formation by the anaerobic pathogen Clostridium difficile. ) Bacteriol.
2012;195:545-55.

Paredes-Sabja D, Shen A, Sorg J. Clostridium difficile spore biology:
sporulation, germination, and spore structural proteins. Trends Microbiol.
2014;22:406-16.

Lawley T, Clare S, Walker A, Goulding D, Stabler R, Croucher N, Mastroeni
P, Scott P, Raisen C, Mottram L, Fairweather N, Wren B, Parkhill J, Dougan
G. Antibiotic treatment of Clostridium difficile carrier mice triggers a
supershedder state, spore-mediated transmission, and severe disease in
immunocompromised hosts. Infect Immun. 2009;77:3661-9.

Yoon S, Brandt L. Treatment of refractory/recurrent C. difficile-associated
disease by donated stool transplanted via colonoscopy. J Clin Gastroen-
terol. 2010;44:562-6.

Deakin L, Clare S, Fagan R, Dawson L, Pickard D, West M, Wren B, Fair-
weather N, Dougan G, Lawley T. The Clostridium difficile spoOA gene is a
persistence and transmission factor. Infect Immun. 2012,80:2704-11.

35.

36.

37.

38.

39.

40.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Page 6 of 6

Coudron PE, Payne JM, Markowitz SM. Pneumonia and empyema
infection associated with a Bacillus species that resembles B. alvei. J Clin
Microbiol. 1991;29:1777-9.

DelVecchioV, Connolly J, Alefantis T, Walz A, Quan M, Patra G, Ashton J,
Whittington J, Chafin R, Liang X, Grewal P, Khan A, Mujer C. Proteomic
profiling and identification of immunodominant spore antigens of
Bacillus anthracis, Bacillus cereus, and Bacillus thuringiensis. Appl Environ
Microbiol. 2006;72:6355-63.

Barra-Carrasco J, Paredes-Sabja D. Clostridium difficile spores: a major
threat to the hospital environment. Futur Microbiol. 2014,9:475-86.
Roszak DB, Colwell RR. Survival strategies of bacteria in the natural envi-
ronment. Microbiol Rev. 1987;51:365.

Nicholson WL. Roles of Bacillus endospores in the environment. Cell Mol
Life Sci. 2002;59:410-6.

Martiny J, Bohannan B, Brown J, Colwell R, Fuhrman J, Green J, Horner-
Devine M, Kane M, Krumins J, Kuske C, Morin P, Naeem S, @vreas L,
Reysenbach A, Smith V, Staley J. Microbial biogeography: putting micro-
organisms on the map. Nat Rev Microbiol. 2006;4:102-12.

. Nayfach S, Rodriguez-Mueller B, Garud N, Pollard KS. An integrated

metagenomics pipeline for strain profiling reveals novel patterns of
bacterial transmission and biogeography. Genome Res. 2016,26:1612-25.
McFarland LV, Mulligan ME, Kwok RY, Stamm WE. Nosocomial acquisition
of Clostridium difficile infection. N Engl J Med. 1989,320:204-10.

Logan NA. Bacillus and relatives in foodborne illness. J Appl Microbiol.
2012;112:417-29.

Kramer A, Schwebke I, Kampf G. How long do nosocomial pathogens
persist on inanimate surfaces? A systematic review. BMC Infect Dis.
2006;6:130.

Poirel L, Decousser JW, Nordmann P. Insertion sequence ISEcp1B is
involved in expression and mobilization of a blaCTX-M B-lactamase gene.
Antimicrob Agents Chemother. 2003;47:2938-45.

Wright GD. The antibiotic resistome: the nexus of chemical and genetic
diversity. Nat Rev Microbiol. 2007;5:175-86.

von Wintersdorff C, Penders J, van Niekerk J, Mills N, Majumder S, van
Alphen L, Savelkoul P, Wolffs P. Dissemination of antimicrobial resistance
in microbial ecosystems through horizontal gene transfer. Front Micro-
biol. 2016;7:173.

Walsh F, Duffy B. The culturable soil antibiotic resistome: a community of
multi-drug resistant bacteria. PLoS ONE. 2013;8:e65567.

Forsberg K, Patel S, Gibson M, Lauber C, Knight R, Fierer N, Dantas G.
Bacterial phylogeny structures soil resistomes across habitats. Nature.
2014;509:612-6.

Forsberg K, Reyes A, Wang B, Selleck E, Sommer M, Dantas G. The shared
antibiotic resistome of soil bacteria and human pathogens. Science.
2012;337:1107-11.

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal
* We provide round the clock customer support

e Convenient online submission

e Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at

www.biomedcentral.com/submit () BiolMed Central




	Introducing the sporobiota and sporobiome
	Abstract 
	The sporobiota and the sporobiome
	Clinical challenges related to sporobiota: persistence and relapses
	Transmission and spreading of the sporobiota and sporobiome
	The sporobiome and resistome
	Conclusions and perspectives
	Authors’ contributions
	References




