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Abstract

Introduction

A widely cited story on the origins of fecal transplantation suggests that German soldiers in
North Africa used camel feces containing Bacillus subtilis to treat dysentery in World War 2.
We investigated if this story is accurate and if there is sufficient Bacillus subtilis in camel
feces to be potentially therapeutic.

Methods and results

A literature analysis shows that all references to the story are based on a single review
paper that mentions the use of camel feces in passing and only provides indirect evidence
for this claim. An extensive literature search failed to find independent evidence that camel
feces has traditionally been used in the treatment of dysentery in North Africa. With 16S
sequence analysis we did not detect Bacillus subtilis in feces from two different Egyptian
camels. Using a more sensitive culture-based assay we could detect low amounts of Bacil-
lus subtilis spores in these fecal samples, with comparable concentrations to those present
in human feces and soil.

Conclusions

Because we could not find evidence for the use of camel feces in the treatment of diarrhea
and because we show that only low amounts of Bacillus subtilis spores are present in camel
feces, we conclude that the use of camel feces should no longer be mentioned in the context
of origins of fecal transplantation.
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Introduction

Because the composition of the intestinal microbiome has been linked to many disorders, ther-
apeutic interventions to change this composition are widely studied. One of the promising
approaches to therapeutically change the intestinal microbiome is transplantation of “healthy”
feces [1, 2]. This fecal transplantation is used in many centers to successfully treat Clostri-
dioides difficile infection [3, 4], although some concerns remain [5]. In addition to the treat-
ment of Clostrioides difficile, the use of fecal transplantation is studied for many other
disorders [6]. Fecal transplantation is not an entirely new approach, the first hints at its efficacy
for Clostridioides difficile infection go back to 1958 [7]. Perhaps because of these roots, many
papers on fecal transplantation provide short historical overviews where earlier efforts in the
field of fecal transplantation are summarized.

One story that is presented in various forms, cited in many papers (see S1 Appendix for a
selection), and internet sites can be paraphrased as follows: In the Second World War, German
soldiers from the Africa corps noticed that Bedouins from North Africa consumed fresh camel
feces to treat dysentery. The German army is reported to have recognized the presence of
Bacillus subtilis in the feces and subsequently utilize this knowledge to obtain a treatment for
soldiers suffering from dysentery. We explore the validity of this story by a literature review
and microbial analysis of camel feces.

Results and discussion

The historical use of camel feces containing Bacillus subtilis for the treatment of dysentery
seems plausible because probiotic preparations containing Bacillus subtilis strains have been
used in humans [8-10]. However, the efficacy of Bacillus subtilis as a probiotic to treat diarrhea
is difficult to ascertain, proper studies are scarce. A randomized controlled trial where subjects
with loose stools received a daily dose of 2,2.10° spores or placebo showed that Bacillus subtilis
spores did not reduce stool water content but reduced Bristol stool score [11].

The reference for the story that camel feces has therapeutic utility due to the presence of
Bacillus subtilis, appears to be a paper by Ralph A. Lewin titled “More on Merde (2001)” [12].
All papers that mention the “camel feces” story refer to this paper, either by direct or indirect
citation. It should be noted that this paper only briefly mentions the “camel feces” story;” How-
ever, consumption of fresh, warm camel feces has been recommended by Bedouins as a remedy
for bacterial dysentery; its efficacy (probably attributable to the antibiotic subtilisin from Bacillus
subtilis) was confirmed by German soldiers in Africa during World War II” [12].

The source of the “camel feces” story mentioned in the paper by Ralph A. Lewin is a Ger-
man language internet article about Bacillus subtilis written by Dr. Jérg Bernhardt from the
Ernst Moritz Arndt University Greifswald (Bacillus subtilis Beschreibung und Charakterisier-
ung) (http://microbiol.biologie.uni-greifswald.de:8080/institute/85, archived by wayback
machine 9 September 2002). The original piece (S2 Appendix) was translated as follows: “The
first documented medical application of B. subtilis took place in 1941 during a campaign in
Libya by the African corps ambulance troops of the German armed forces. A dysentery epidemic
to which numerous soldiers fell victim to, created an urgent need for medication. Antibiotics were
not yet available. Investigations on-site showed that the indigenous people could treat dysentery
successfully by oral administration of fresh and still warm camel dung. Eventually it was discov-
ered that the abundant amount of B. subtilis led to the successful treatment.”

In this internet article, the source of the camel feces story is in turn attributed to a reference
we were not able to track down. Efforts to contact the author of the internet article were also
unsuccessful.

PLOS ONE | https://doi.org/10.1371/journal.pone.0272607  August 10, 2022 2/9


http://microbio1.biologie.uni-greifswald.de:8080/institute/85
https://doi.org/10.1371/journal.pone.0272607

PLOS ONE Investigating the history of fecal transplantation

Although there is considerable scientific literature on the supposed benefits of drinking
camel urine [13], potential benefits of eating camel feces are not described in the scientific lit-
erature. We were able to find a single paper [14] that documents the use of camel urine, and
mentions the use of camel feces.

“The Bedouin in the Arab desert utilized to mix camel faces (sic) and urine with milk and give
it to patients who were suffering from many enteric disorders and illnesses. They treat patients
with camel faces (sic) and urine after boiling. Majorities of peoples (72% of peoples) drink it
pure, whereas the remainder 28% mixes it with the milk. Milk was added to urine to overcome
its strong odor, also urine must be fresh and excreted from young animals” [14].

However, the above statement (cited verbatim) is not substantiated in the paper, the source
journal is not indexed in PubMed, and the consumption of camel feces is only mentioned in
the context of mixing with fresh urine.

A chapter from a book [15] that only indirectly cites the Ralph A. Lewin paper warrants an
additional mention because it is used as a source in papers and introduces and expanded ver-
sion of the “camel feces” story. The book chapter describes culture and drying of Bacillus subti-
lis by German soldiers to avoid the administration of fresh feces. A discussion of this book [16]
by the authors mentions the “Camel feces” story and the role of Bacillus subtilis. This discus-
sion contains further embellishments of the original “camel feces” story. Bacillus subtilis is
described as a “voracious eater of other microbes”, a statement that is difficult to correlate with
the limited effect a Bacillus subtilis probiotic has on the composition of the intestinal microbita
[11]. A cross sectional analysis of 200 people from rural Thailand suggest that the presence of
Bacillus subtilis, at unknown abundance, in the gastrointestinal tract reduces colonization by
the pathogen Staphylococcus aureus [17]. However, this effect was not seen in other popula-
tions [17].

Even more puzzling is the remark that “But the B. subtilis was present only in warm dung; it
would die out when the dung cooled.” Since Bacillus subtilis is at most a facultative anaerobe
[18], it would survive after defecation and exposure of the feces to oxygen. Moreover, because
Bacillus subtilis is a sporulating organism, its spores will certainly survive long times in fecal
matter [19].

Despite the scarcity of convincing positive therapeutic clinical data with Bacillus probiotics
and the questionable provenance of the “camel feces” story, we wanted to investigate if camel
feces contains sufficient amounts of Bacillus subtilis vegetative cells and/or spores to be of pro-
biotic value.

Here it should be noted that there are two main species that are designated camel, the
North African camel, Camelus dromedarius, which has one “hump” and is also called Drome-
dary and the Bactrian camel, Camelus bactrianus, that has two “humps” and originates in cen-
tral Asia. The German soldiers would have encountered Bedouins using Camelus dromedarius’
feces.

We therefore collected two different fecal Camelus dromedarius fecal samples from two dif-
ferent animals close to Marsa Shagra in Egypt. The samples were transported in sterile tubes
and processed within 24 hours. 16S RNA analysis and MALDI-TOF were performed to deter-
mine the presence of Bacillus subtilis. The results of the 16S analysis are shown in Fig 1.
Although there is a large abundance of Bacillus species, we could not detect Bacillus subtilis.

Our results seem to show similar results on Phylum level with the only other microbial
analysis of Camelus dromedarius feces we were able to find [20]. Analyzing the deposited
sequence data from the rectal sample described in this study using our 16S analysis pipeline
failed to detect Bacillus subtilis.
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Fig 1. Relative abundances on family level per dromedary, determined by 16S sequencing. Only family names of the 400 most abundant amplicon sequence
variants are shown, less abundant families are group under ‘Other’. The relative abundance of the Bacillus family is 0.08 and 0.16, for dromedary 1 and 2
respectively.

https://doi.org/10.1371/journal.pone.0272607.9001

Given the fact that the abundance of vegetative Bacillus subtilis might be low and could
therefore be undetected due to insufficient sequence depth, we decided to determine the pres-
ence of Bacillus subtilis spores by plating dilutions of ethanol inactivated camel feces and iden-
tifying the colonies by MALDI-TOF.

Indeed, using this approach we were able to detect Bacillus subtilis, representing 44% of all
analyzed colonies, as the predominant aerobic spore former in camel feces with a
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Fig 2. Identification of colonies growing from ethanol resistant bacterial spores by MALDI-TOF. The combined
results of two different fecal samples are presented.

https://doi.org/10.1371/journal.pone.0272607.9002

concentration of spores of 1.3x10* per gram feces (average of feces from 2 different camels).
Fig 2. This value correlates well with the amount of Bacillus subtilis spores found in human
feces [21]. For comparison, the average amount of ethanol resistant aerobic spore formers
detected in 25 soil samples was 3.95x10° per gram [22].

Based on our results and in silico analysis of an independent camel fecal sample we con-
clude that the amount of Bacillus subtilis in camel feces is low and comparable to that in
human feces and soil.

Notably, a randomized placebo controlled trial investigated the effect of a daily dose of
2.2x10° Bacillus subtilis spores on loose stools [11]. This study showed a modest effect on stool
consistency.

Furthermore, a case report of a placebo controlled trial describes that a twice daily dose of
2x10° Bacillus subtilis spores reduces antibiotic associated diarrhea [23].

Therapeutic effects of Bacillus subtilis spores were thus only seen with doses exceeding 10°
per day. We therefore conclude that it is unlikely that consumption of camel feces, containing
1.3x10* bacillus subtilis spores per gram, would have any effect on dysentery due to its Bacillus
subtilis content.

Conclusions

Our research shows the emergence of a scientific “myth” that is based on a plausible but
unsubstantiated reference.

We failed to find evidence that German soldiers observed the use of camel feces by Bedou-
ins in the Second World War and have not been able to substantiate claims for a traditional
use of camel feces in the treatment of dysentery.

We can rule out a role of Bacillus subtilis in hypothetical benefits of consuming camel feces
since the amount of Bacillus subtilis spores in a gram of camel feces is several orders of
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magnitude below the therapeutical dose needed to reduce loose stools or antibiotic associated
diarrhea.

Based on literature analysis and our analytical data we therefore conclude that the myth of
camel feces as treatment for dysentery and its historical significance in the development of
fecal transplantation are questionable and should no longer be mentioned in papers that
describe the roots of fecal transplantation.

Limitations

Our study is necessarily limited because it aims to prove a negative; Camel feces was not used
in the treatment of diarrhea. Absence of evidence in our literature search does not rule out the
possibility that a deeper search in historical literature will uncover evidence for the use of
camel feces by Bedouins. Whereas we do show that camel feces does not contain sufficient
Bacillus subtilis to be therapeutic, we cannot rule out the possibility that consumption of camel
teces will have positive effects on dysentery due to other mechanisms.

Methods
Literature search

To independently investigate the use of camel feces in the treatment of diarrhea we performed
an extensive literature search. Keywords used were: [camel feces diarrhea] [camel feces dysen-
tery] [camel dung diarrhea] [camel feces dysentery] [camel feces bedouin] [camel dung bed-
ouin]. As search platforms we used PubMed, JSTOR, Google and Google scholar.

Fecal collection

Feces was sampled from two healthy dromedary roaming a typical desert location near Marsa
Shagra in Egypt, ethical permission was therefore not needed. Samples were transported at
ambient temperature in sterile tubes and processed within 24h. Approximately 200 mg feces
was cut from the inside of the bolus under sterile conditions.

DNA extraction and 16S sequencing

DNA was isolated using the PSP Spin Stool DNA Plus kit (Isogen LifeScience, The Nether-
lands) as follows: Approximately 100 mg feces was placed in Lysing Matrix E tubes (Biocon-
nect, The Netherlands) and 1.4 mL DNA stool stabilizer was added (Isogen LifeScience, the
Netherlands). Samples were vortexed three repetitive rounds of 30 s at 6.5 m/s with cooling for
30s on ice in between using FastPrep bead beater (BioSPX, The Netherlands). Next, the sam-
ples were incubated for 15 min at 90 °C, followed by 1 min on ice and centrifugation for 4 min
at 13,000 g at room temperature. The supernatant was transferred to PSP InviAdsorb carbon
filled tubes, vortexed for 15s and after 1 min on room temperature centrifuged for 6 min at
13,000 g. The supernatant was transferred to a new Eppendorf tube and centrifuged again for
6 min at 13,000 g. Then, the supernatant was transferred to a tube with 25 pul Proteinase K and
incubated for 10 min at 70 °C. After incubation, 400 pl binding buffer was added and first

600 pl of the sample was transferred to a column, centrifuged for 2 min at 11,000 g at room
temperature. After discarding of the supernatant, the remaining sample was added on the col-
umn. The column was washed with 500 uL Wash buffer I, centrifuged for 1.5 min at 11,000 g
at room temperature and the supernatant was discarded, this step was repeated with 700 pL
Wash Buffer II. The column was centrifuged for another 4 min at full speed to dry the mem-
brane and placed in a clean receiver tube. DNA was eluted in 100 pL preheated (70 °C) Elution
Buffer, followed by centrifugation for 2 min at 11,000 g at room temperature.
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Fecal microbiota composition was profiled by sequencing the V3-V4 region of the 16S
rRNA gene on an [llumina MiSeq Instrument. The data was preprocessed to ASVs with the
UNOISES3 pipeline and taxonomy was added with Bayes classifier based on the Silva (v132)
database [24]. Sequences classified as chloroplasts, mitochondria, contaminants and unclassi-
fied sequences were removed. Data was further analyzed by using the phyloseq [25] and
ggplot2 (https://ggplot2.tidyverse.org/) packages in R 4.1.0 software (R foundation for Statisti-
cal Computing, Austria). S3 Appendix shows the annotated 16S results. The raw sequence data
are deposited at the NCBI SRA: www.ncbi.nlm.nih.gov/bioproject/862696 Bioproject ID:
PRJNA862696.

Mumina Miseq 16S rRNA (V3-V4 region) data from the rectum of an adult Camelus dro-
medarius from Saudi Arabia was obtained from the NCBI Sequence Read Archive, accession
BioSample SAMN09784084.

Culturing and MALDI-TOF (Matrix Assisted Laser Desorption Ionization Time of Flight
Mass Spectrometry) identification 1 mL 70% ethanol was added to the feces and samples were
incubated for 4 hours at RT, every 45 min the samples were briefly shaken. After incubation,
the samples were washed 3 times with MiliQ water and finally 5x the fecal weight in MiliQ
water was added. Samples were thoroughly vortexed and filtered with a 40 pm cell strainer
(Fisherbrand™, Thermo Fisher Scientific, The Netherlands). The 5x dilution was further
diluted in steps of 10x till 5*10*. Of each dilution 20 ul was plated on LB plates in duplo and
incubated overnight at 37 °C. Colonies were counted and randomly picked for Maldi-TOF,
190 in total. The isolated colonies were deposited on a MSP 96 target plate (Bruker Daltonics
Ltd, UK) with a tooth pick and pretreated with 1 pl 70% formic acid and air dried before being
overlaid with matrix solution. MALDI-TOF MS was performed with a MicroFlex LT system
(Bruker Daltonics Ltd, UK). Data was processed with the MALDI Biotyper MSP Identification
Standard Method 1.1, the MALDI Biotyper Preprocessing Standard Method 1.1 and the Bru-
ker MALDI-TOF Biotyper database (Bruker Daltonics Ltd, UK). Only best matches with score
values >1.70 were included.

Supporting information

S1 Appendix. Selected papers citing the “camel feces” story.
(DOCX)

$2 Appendix. Original German text “Bacillus subtilis Beschreibung und Charakterisier-
ung”.
(DOCX)

$3 Appendix. Annotated table of 16S sequencing results.
(XLSX)

S1 Data.
(XLSX)

Acknowledgments

We would like to thank Prof L. Hamoen for the collection of camel fecal samples.

We would like to thank L. Teichmann MSc and T. Kohler BSc for their translation of S2
Appendix.

We would like to thank Dr Hilde Herrema and Dr Mark Davids from the Microbiota Cen-
ter Amsterdam for 16S sequencing and bioinformatic analysis.

We would like to thank Leonie de Boer MSc for the help with the MALDI-TOF analysis

PLOS ONE | https://doi.org/10.1371/journal.pone.0272607  August 10, 2022 7/9


https://ggplot2.tidyverse.org/
http://www.ncbi.nlm.nih.gov/bioproject/862696
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0272607.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0272607.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0272607.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0272607.s004
https://doi.org/10.1371/journal.pone.0272607

PLOS ONE

Investigating the history of fecal transplantation

Author Contributions

Conceptualization: Jurgen Seppen.

Data curation: Nienke Koopman.

Formal analysis: Jurgen Seppen.

Investigation: Nienke Koopman, Pim van Leeuwen, Jurgen Seppen.
Methodology: Nienke Koopman, Stanley Brul, Jurgen Seppen.
Project administration: Jurgen Seppen.

Resources: Pim van Leeuwen, Stanley Brul.

Writing - original draft: Jurgen Seppen.

Writing - review & editing: Nienke Koopman, Pim van Leeuwen, Stanley Brul.

References

1. Ooijevaar RE, Terveer EM, Verspaget HW, Kuijper EJ, Keller JJ. Clinical application and potential of
fecal microbiota transplantation. Annu Rev Med. 2019; 70: 335-351. https://doi.org/10.1146/annurev-
med-111717-122956 PMID: 30403550

2. Smits LP, Bouter KEC, De Vos WM, Borody TJ, Nieuwdorp M. Therapeutic potential of fecal microbiota
transplantation. Gastroenterology. Gastroenterology; 2013. pp. 946—953. https://doi.org/10.1053/j.
gastro.2013.08.058 PMID: 24018052

3. Quraishi MN, Widlak M, Bhala N, Moore D, Price M, Sharma N, et al. Systematic review with meta-anal-
ysis: the efficacy of faecal microbiota transplantation for the treatment of recurrent and refractory Clos-
tridium difficile infection. Alimentary Pharmacology and Therapeutics. Aliment Pharmacol Ther;

2017. pp. 479—493. https://doi.org/10.1111/apt.14201 PMID: 28707337

4. Khoruts A, Staley C, Sadowsky MJ. Faecal microbiota transplantation for Clostridioides difficile: mecha-
nisms and pharmacology. Nat Rev Gastroenterol Hepatol 2020 181. 2020; 18: 67—80. https://doi.org/
10.1038/s41575-020-0350-4 PMID: 32843743

5. Tan X, Johnson S. Fecal microbiota transplantation (FMT) for C. difficile infection, just say ‘No.” Anaer-
obe. 2019; 60. https://doi.org/10.1016/j.anaerobe.2019.102092 PMID: 31472233

6. D’Haens GR, Jobin C. Fecal Microbial Transplantation for Diseases Beyond Recurrent Clostridium Diffi-
cile Infection. Gastroenterology. 2019; 157: 624—636. https://doi.org/10.1053/j.gastro.2019.04.053
PMID: 31220424

7. Eiseman B, Silen W, Bascom GS, Kauvar AJ. Fecal enema as an adjunct in the treatment of pseudo-
membranous. Surgery. 1958; 44: 854—-859. Available: https://pubmed.ncbi.nim.nih.gov/13592638/
PMID: 13592638

8. HongHA, Le HD, Cutting SM. The use of bacterial spore formers as probiotics. FEMS Microbiology
Reviews. FEMS Microbiol Rev; 2005. pp. 813-835. https://doi.org/10.1016/j.femsre.2004.12.001
PMID: 16102604

9. Cutting SM. Bacillus probiotics. Food Microbiol. 2011; 28: 214-220. https://doi.org/10.1016/j.fm.2010.
03.007

10. Lee NK, Kim WS, Paik HD. Bacillus strains as human probiotics: characterization, safety, microbiome,
and probiotic carrier. Food Science and Biotechnology. Food Sci Biotechnol; 2019. pp. 1297-1305.
https://doi.org/10.1007/s10068-019-00691-9 PMID: 31695928

11. Hatanaka M, Yamamoto K, Suzuki N, lio S, Takara T, Morita H, et al. Effect of Bacillus subtilis C-3102
on loose stools in healthy volunteers. Benef Microbes. 2018; 9: 357-365. https://doi.org/10.3920/
BM2017.0103 PMID: 29482338

12. Lewin RA. More on merde. Perspectives in Biology and Medicine. Perspect Biol Med; 2001. pp. 594—
607. https://doi.org/10.1353/pbm.2001.0067 PMID: 11600805

13. Salamt N, Idrus RBH, Kashim MIAM, Mokhtar MH. Anticancer, antiplatelet, gastroprotective and hepa-
toprotective effects of camel urine: A scoping review. Saudi Pharmaceutical Journal. Elsevier; 2021. pp.
740-750. https://doi.org/10.1016/j.jsps.2021.05.006 PMID: 34400869

14. Gole FA. Review on Health Benefits of Camel Urine: Therapeutics Effects and Potential Impact on Pub-
lic Health Around East Hararghe District. Am J Pure Appl Biosci. 2020; 2: 183—191. https://doi.org/10.
34104/ajpab.020.01830191

PLOS ONE | https://doi.org/10.1371/journal.pone.0272607  August 10, 2022 8/9


https://doi.org/10.1146/annurev-med-111717-122956
https://doi.org/10.1146/annurev-med-111717-122956
http://www.ncbi.nlm.nih.gov/pubmed/30403550
https://doi.org/10.1053/j.gastro.2013.08.058
https://doi.org/10.1053/j.gastro.2013.08.058
http://www.ncbi.nlm.nih.gov/pubmed/24018052
https://doi.org/10.1111/apt.14201
http://www.ncbi.nlm.nih.gov/pubmed/28707337
https://doi.org/10.1038/s41575-020-0350-4
https://doi.org/10.1038/s41575-020-0350-4
http://www.ncbi.nlm.nih.gov/pubmed/32843743
https://doi.org/10.1016/j.anaerobe.2019.102092
http://www.ncbi.nlm.nih.gov/pubmed/31472233
https://doi.org/10.1053/j.gastro.2019.04.053
http://www.ncbi.nlm.nih.gov/pubmed/31220424
https://pubmed.ncbi.nlm.nih.gov/13592638/
http://www.ncbi.nlm.nih.gov/pubmed/13592638
https://doi.org/10.1016/j.femsre.2004.12.001
http://www.ncbi.nlm.nih.gov/pubmed/16102604
https://doi.org/10.1016/j.fm.2010.03.007
https://doi.org/10.1016/j.fm.2010.03.007
https://doi.org/10.1007/s10068-019-00691-9
http://www.ncbi.nlm.nih.gov/pubmed/31695928
https://doi.org/10.3920/BM2017.0103
https://doi.org/10.3920/BM2017.0103
http://www.ncbi.nlm.nih.gov/pubmed/29482338
https://doi.org/10.1353/pbm.2001.0067
http://www.ncbi.nlm.nih.gov/pubmed/11600805
https://doi.org/10.1016/j.jsps.2021.05.006
http://www.ncbi.nlm.nih.gov/pubmed/34400869
https://doi.org/10.34104/ajpab.020.01830191
https://doi.org/10.34104/ajpab.020.01830191
https://doi.org/10.1371/journal.pone.0272607

PLOS ONE

Investigating the history of fecal transplantation

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

De Salle R, Perkins SL. Welcome to the microbiome: Getting to know the trillions of bacteria and other
microbes in, on, and around you. Welcome to the Microbiome: Getting to Know the Trillions of Bacteria
and Other Microbes in, on, and Around You. Yale University Press; 2015. https://doi.org/10.5860/
choice.195142

Eat Poop and Live | Yale University Press Blog. [cited 27 Sep 2021]. Available: http://blog.yalebooks.
com/2016/01/11/eat-poop-and-live/

Piewngam P, Zheng Y, Nguyen TH, Dickey SW, Joo HS, Villaruz AE, et al. Pathogen elimination by pro-
biotic Bacillus via signalling interference. Nature. 2018; 562: 532-537. https://doi.org/10.1038/s41586-
018-0616-y PMID: 30305736

Nakano MM, Zuber P. Anaerobic growth of a “strict aerobe” (Bacillus subtilis). Annual Review of Micro-
biology. Annu Rev Microbiol; 1998. pp. 165—190. https://doi.org/10.1146/annurev.micro.52.1.165
PMID: 9891797

Setlow P. Spores of Bacillus subtilis: Their resistance to and killing by radiation, heat and chemicals.
Journal of Applied Microbiology. J Appl Microbiol; 2006. pp. 514-525. https://doi.org/10.1111/j.1365-
2672.2005.02736.x PMID: 16907802

Al-Masaudi S, El Kaoutari A, Drula E, Redwan EM, Lombard V, Henrissat B. A metagenomics investiga-
tion of carbohydrate-active enzymes along the goat and camel intestinal tract. Int Microbiol. 2019; 22:
429-435. https://doi.org/10.1007/s10123-019-00068-2 PMID: 30875036

Tam NKM, Uyen NQ, Hong HA, Duc LH, Hoa TT, Serra CR, et al. The intestinal life cycle of Bacillus
subtilis and close relatives. J Bacteriol. 2006; 188: 2692—-2700. https://doi.org/10.1128/JB.188.7.2692-
2700.2006 PMID: 16547057

Hong HA, To E, Fakhry S, Baccigalupi L, Ricca E, Cutting SM. Defining the natural habitat of Bacillus
spore-formers. Res Microbiol. 2009; 160: 375-379. https://doi.org/10.1016/j.resmic.2009.06.006 PMID:
19589385

Horosheva T V., Vodyanoy V, Sorokulova |. Efficacy of Bacillus probiotics in prevention of antibiotic-
associated diarrhoea: a randomized, double-blind, placebo-controlled clinical trial. JMM Case Reports.
2014; 1: e004036. https://doi.org/10.1099/JMMCR.0.004036

Quast C, Pruesse E, Yilmaz P, Gerken J, Schweer T, Yarza P, et al. The SILVA ribosomal RNA gene
database project: Improved data processing and web-based tools. Nucleic Acids Res. 2013; 41. https:/
doi.org/10.1093/nar/gks1219 PMID: 23193283

McMurdie PJ, Holmes S. Phyloseq: An R Package for Reproducible Interactive Analysis and Graphics
of Microbiome Census Data. PLoS One. 2013; 8: €61217. https://doi.org/10.1371/journal.pone.
0061217 PMID: 23630581

PLOS ONE | https://doi.org/10.1371/journal.pone.0272607  August 10, 2022 9/9


https://doi.org/10.5860/choice.195142
https://doi.org/10.5860/choice.195142
http://blog.yalebooks.com/2016/01/11/eat-poop-and-live/
http://blog.yalebooks.com/2016/01/11/eat-poop-and-live/
https://doi.org/10.1038/s41586-018-0616-y
https://doi.org/10.1038/s41586-018-0616-y
http://www.ncbi.nlm.nih.gov/pubmed/30305736
https://doi.org/10.1146/annurev.micro.52.1.165
http://www.ncbi.nlm.nih.gov/pubmed/9891797
https://doi.org/10.1111/j.1365-2672.2005.02736.x
https://doi.org/10.1111/j.1365-2672.2005.02736.x
http://www.ncbi.nlm.nih.gov/pubmed/16907802
https://doi.org/10.1007/s10123-019-00068-2
http://www.ncbi.nlm.nih.gov/pubmed/30875036
https://doi.org/10.1128/JB.188.7.2692-2700.2006
https://doi.org/10.1128/JB.188.7.2692-2700.2006
http://www.ncbi.nlm.nih.gov/pubmed/16547057
https://doi.org/10.1016/j.resmic.2009.06.006
http://www.ncbi.nlm.nih.gov/pubmed/19589385
https://doi.org/10.1099/JMMCR.0.004036
https://doi.org/10.1093/nar/gks1219
https://doi.org/10.1093/nar/gks1219
http://www.ncbi.nlm.nih.gov/pubmed/23193283
https://doi.org/10.1371/journal.pone.0061217
https://doi.org/10.1371/journal.pone.0061217
http://www.ncbi.nlm.nih.gov/pubmed/23630581
https://doi.org/10.1371/journal.pone.0272607

