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Abstract

We have searched for sulfate-reducing bacteria in the feces of 41 healthy individuals and 110 patients from a Hepato-Gastro-Enterology
Unit using a specific liquid medium (Test-kit Labége®, Compagnie Francaise de Géothermie, Orléans, France). The 110 patients were
separated in 22 patients presenting with inflammatory bowel diseases and 88 patients hospitalized for other lower (n=30) or upper
(n=158) digestive tract diseases. Sulfate-reducing bacteria were isolated from 10 healthy individuals (24%), 15 patients presenting with
inflammatory bowel diseases (68%), and 33 patients with other symptoms (37%). A multiplex PCR was devised for the identification of
Desulfovibrio piger (formerly Desulfomonas pigra), Desulfovibrio fairfieldensis and Desulfovibrio desulfuricans, and applied to the above
isolates. The strains of sulfate-reducing bacteria consisted of D. piger (39 isolates), D. fairfieldensis (19 isolates) and D. desulfuricans (one
isolate). The prevalence of D. piger was significantly higher in inflammatory bowel disease patients (55%) as compared to healthy

individuals (12%) or patients with other symptoms (25%) (P < 0.05).
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1. Introduction

Crohn’s disease (CD) and ulcerative colitis (UC) are
chronic inflammatory bowel diseases (IBD) of unknown
etiology, but they are likely to rely on environmental, ge-
netic and immune factors [1]. An infectious origin has
been proposed, and many microorganisms have been im-
plicated in the absence of any convincing arguments.
However, in both syndromes, the intestinal inflammation
does respond to antibiotherapy. In animal models of
chronic colitis, luminal flora is an essential cofactor for
the disease to occur [2,3]. This may explain the renewed
interest in the role of the bowel flora as a cause of these
disorders [4-6].

Sulfate-reducing bacteria (SRB) are anaerobic microor-
ganisms that conduct dissimilatory sulfate reduction to
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obtain energy, resulting in the release of a great quantity
of sulfide. They are commonly isolated from environmen-
tal sources, but are also present in the digestive tract of
animals and humans. As Desulfomonas pigra has been re-
classified as Desulfovibrio piger comb. nov. [7], human iso-
lates of SRB consist almost exclusively of Desulfovibrio
species [8—11]. Recent findings suggest that SRB may
have a role in human diseases. They have been associated
with the clinical severity of human periodontitis [12], and
isolated from profound abscesses (abdominal or brain),
blood or urine [13-16]. In these settings, most strains
have been identified as Desulfovibrio fairfieldensis, a re-
cently proposed new species [16], by 16S ribosomal RNA
gene (16S rDNA) sequencing. Desulfovibrio desulfuricans,
the type species of the genus Desulfovibrio, has also been
isolated from human specimens [14]. The implication of
SRB in IBD has been suggested as their metabolic end
product, hydrogen sulfide, is a cytotoxic compound
[9,17-19]. This compound may act through an inhibition
of butyrate oxidation, the main energy source for colono-
cytes. The impairment of the functions of the intestinal
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epithelium would lead to cell death and chronic inflamma-
tion. However, the species of SRB associated with IBD
have not yet been identified. Their identification would
permit to look for virulence factors as well as their sus-
ceptibility to antimicrobial agents.

In medical laboratories, SRB are seldom isolated from
human samples because of a slow growth. Colonies appear
after more than 3 days of incubation and are not noticed,
being overgrown by the accompanying flora, unless they
are the dominant or sole species present. Thus, their
search in feces is difficult unless a specific medium is
used. Such media usually contain an organic compound
(electron donor and carbon source), sulfate (electron ac-
ceptor), iron and a reducing agent. The growth of SRB in
specific culture media is easily detected by a blackening of
the medium due to hydrogen sulfide (H,S) production
resulting in the formation of a ferrous sulfide precipitate.
Once isolated from clinical samples, identification at the
species level may be difficult. For example, it is not possi-
ble to differentiate D. fairfieldensis and D. desulfuricans by
phenotypic tests. Thus, gene amplification is a valuable
tool to achieve such an identification.

The major aim of this study was to determine which
species of Desulfovibrio may be associated with IBD if
any. For this purpose, a specific liquid medium (Test-kit
Labége®, Compagnie Francaise de Géothermie, Orléans,
France) was used for the growth of the SRB from the feces
of healthy individuals and of patients hospitalized in the
Hepato-Gastro-Enterology Unit of the Centre Hospitalier
et Universitaire de Nancy, France. A multiplex PCR was
devised for the identification of the isolates at the species
level.

2. Materials and methods
2.1. Patients

Feces of 41 healthy individuals (17 men and 24 women;
mean age 38 years, range 1-101 years) and 110 patients
(67 men and 43 women; mean age 57 years, range 14-100
years) from the Hepato-Gastro-Enterology Unit of the
Centre Hospitalier et Universitaire de Nancy, France,
were collected. Healthy individuals consulted consecutively
for a checkup. No pathogenic microorganism was found
in their feces. Healthy individuals and patients have not

Table 1
Characteristics of patients with IBD

had any antibiotic administration in the month before the
sample was obtained. Patients were separated into three
groups: IBD (n=22) included 17 CD and five UC; other
lower bowel diseases (1 =30) included 23 patients present-
ing with mild or moderate symptoms such as abdominal
pain, intestinal transit troubles and rectorrhagia, and sev-
en patients with colonic cancer; upper digestive tract dis-
eases (n=158) included gall stones, cirrhosis, hepato-cellu-
lar carcinoma, gastric and pancreatic tumors. IBD were
diagnosed on clinical, endoscopic and histological find-
ings. Most of the IBD patients presented with an active
disease (Table 1).

2.2. SRB detection and enumeration

One gram of feces was mixed with 4 ml of phosphate
buffered saline buffer and centrifuged (3000 rpm, 5 min).
One milliliter of supernatant was inoculated immediately
in a liquid medium (Test-kit Labége®, Compagnie
Frangaise de Géothermie, Orléans, France) according to
the manufacturer’s instructions. Briefly, the Test-kits La-
bege® consist of vials containing 9 ml of a specific medium
(organic compounds: lactate and acetate, reducing agent:
titanium citrate) anaerobically conditioned for SRB detec-
tion. It is inoculated with a syringe through a rubber cap.
This limpid and colorless medium has been originally de-
vised for the detection of SRB from environmental sam-
ples. It was compared to the commonly used Postgate’s
solid medium E (organic compound: lactate, reducing
agents: ascorbic acid and thioglycolic acid) [20], inoculat-
ed in parallel under anaerobic atmosphere. SRB were
enumerated using long and narrow tubes filled up with
the latter medium and inoculated with decimal dilutions
of the feces. All inoculated media were incubated at 37°C
for 2 months. The presence of SRB was ascertained by the
formation of a black precipitate (ferrous sulfide) in liquid
media and by the appearance of black colonies in solid
media.

2.3. Design of PCR primers

The 16S rDNA sequences of Desulfomonas and Desul-
fovibrio strains available in the GenBank database were
compared using the Sequence Navigator software, version
1.0.1 (Applied Biosystems Inc., Foster City, CA, USA). It
permitted to design six primers for the identification by

IBD Age (years) Sex

Stage of the disease® Patients with anti-inflammatory and/or

immunosuppressive agents

Mean  Range Female Active  Remission
Crohn’s disease (n=17) 40 18-74 8 11 6 13
Ulcerative colitis (n=15) 39 14-78 2 3 2 4

2Activity of IBD was evaluated on clinical, endoscopic and histological findings.
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Table 2
Primers for the identification of Desulfovibrio strains

Strains Primers Length of the PCR
product (bp)

D. piger Pig-F, P687-R 255

D. desulfuricans Essex 6 Essex-F, P687-R 255

D. desulfuricans MB 27K-F, 27K-R 396

D. fairfieldensis Fair-F, P687-R 534

PCR of the SRB previously isolated from humans
[7,10,13-16], related respectively to D. piger (formerly De-
sulfomonas pigra) ATCC 29098T, D. desulfuricans Essex 6
ATCC 29577%, D. desulfuricans MB ATCC 27774, and
D. fairfieldensis ATCC 700045. D. desulfuricans Essex 6
and D. desulfuricans MB were differentiated as the 16S
rDNA sequences of these strains exhibit a difference of
3% [14]. The primers were 27K-F (5'-CTG CCT TTG
ATA CTG CTT AG-3'), 27K-R (5'-GGG CAC CCT
CTC GTT TCG GAG A-3'), Essex-F (5'-CTA CGT
TGT GCT AAT CAG CAG CGT AC-3'), Fair-F
(5'"-TGA ATG AAC TTT TAG GGG AAA GAC-3),
Pig-F (5'-CTA GGG TGT TCT AAT CAT CAT CCT
AC-3"), and P687-R (5'-GAT ATC TAC GGA TTT
CAC TCC TAC ACC-3') (Table 2). The specificity of
these primers was checked on all bacterial sequences avail-
able from the GenBank database using the Blast program,
version 2.0 (National Center for Biotechnology Informa-
tion, Bethesda, MD, USA).

2.4. SRB identification by multiplex PCR

Four collection strains (D. piger ATCC 29098, D. de-
sulfuricans Essex 6 ATCC 29577T, D. desulfuricans MB
ATCC 27774, and D. fairfieldensis ATCC 700045) and
12 clinical strains (two strains related to D. desulfuricans
Essex 6, two strains related to D. desulfuricans MB and
eight strains identified as D. fairfieldensis) were used as
positive controls. The sensitivity of the PCR was evaluated
with dilutions of quantified bacterial strain suspensions.
The specificity of the PCR was checked with negative con-
trols including type strains (Bilophila wadsworthia ATCC
492607, Desulfovibrio gigas DSM 13827, Desulfovibrio vul-
garis DSM 644T) and common intestinal clinical strains
belonging to the following species: Bacteroides fragilis,
Bacteroides merdae, Bacteroides thetaiotaomicron, Bacte-
roides uniformis, Bacteroides vulgatus, Campylobacter jeju-
ni, Citrobacter freundii, Clostridium innocuum, Entero-
bacter  cloacae, Enterococcus faecalis, Enterococcus
faecium, Escherichia coli, Eubacterium exiguum, FEubacte-
rium lentum, Fusobacterium nucleatum, Hafnia alvei, Kleb-
siella oxytoca, Klebsiella pneumoniae, Morganella morganii,
Peptostreptococcus magnus, Proteus mirabilis, Proteus vul-
garis, Providencia stuartii, Pseudomonas aeruginosa, Serra-
tia marcescens, Staphylococcus aureus, Staphylococcus epi-
dermidis, and Streptococcus bovis.

At the end of incubation time, all the 151 inoculated

Test-kits Labége® were checked using the multiplex
PCR. DNA extracts were obtained from 500 pl of culture
media, after centrifugation and resuspension in TE buffer
(10 mM Tris—HCI, 1 mM EDTA, pH 8). Briefly, the cells
were lysed using successively lysozyme (3 mg ml™!), SDS
(1%, wiv) and proteinase K (0.25 mg ml™!). After an over-
night incubation at 37°C, DNA was extracted by the stan-
dard phenol/chloroform/isoamyl alcohol method. Each 50-
pul PCR mixture contained 5 ul of DNA extract (approx-
imately 50 ng of DNA) and final amounts of 0.4 uM of
each primer, 0.8 mM of each deoxynucleoside triphos-
phate (Boehringer Mannheim Biochemicals, Mannheim,
Germany), 0.4 mM of Tris—HCI buffer, 1.5 mM MgCl,,
and 1.5 U of Tag DNA polymerase (Gibco BRL Life
Technologies, Paisley, UK). All reactions were carried
out using the GeneAmp PCR System 2400 (Perkin-Elmer,
Norwalk, CT, USA). An initial denaturation step of 94°C
for 4 min was followed by 30 cycles of denaturation (94°C,
1 min), annealing (55°C, 1 min) and extension (72°C,
2 min), and with a final extension (72°C, 5 min). Negative
(water instead of DNA extract) and positive (D. fairfield-
ensis DNA extract) controls were included in each run.
Amplified products were resolved by electrophoresis in
1.5% (wlv) agarose gels containing ethidium bromide
(1.6 mg ml™!). A 100-bp DNA ladder was used as a size
marker (Gibco BRL Life Technologies, Rockville, MD,
USA). D. piger, D. desulfuricans Essex 6, D. desulfuricans
MB and D. fairfieldensis were identified by a 255-, 255-,
396- and 534-bp band, respectively. D. piger and D. desul-
furicans Essex 6 were further differentiated by separate
PCR assays using their respective specific primers. For
negative samples, 16S rDNA amplification using the con-
sensus primers 27f and 1525r [16] was performed to check
the absence of inhibition of the PCRs by contaminants.

3. Results
3.1. SRB detection and enumeration

In healthy individuals and according to the above cri-
teria, SRB were found in 10 feces (24%) with both Test-kit
Labeége® and Postgate’s medium. In patients from the
Hepato-Gastro-Enterology Unit, SRB were grown from
42 feces using Postgate’s medium. Three additional sam-
ples were found positive with the Test-kit Labége®. Thus,
among the 110 patients studied, SRB were detected by
culture in 45 patients (41%). Three additional samples
gave equivocal results with the Test-kit Labége® (presence
of a dark brownish precipitate). The mean times of detec-
tion of the growth of SRB were 2 and 6 days using the
Test-kit Labége® (range 1-11 days) and Postgate’s me-
dium (range 3-39 days), respectively. The mean count of
SRB in the feces of healthy individuals and patients was
105 g=! (range 10>-10° g~'). Thus, SRB count was not
related to the clinical status of patients.
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Fig. 1. Multiplex PCR products obtained with four different strains of
Desulfovibrio. Lanes: 1 and 7, 100-bp DNA ladder; 2, negative control
(water); 3, D. piger (formerly Desulfomonas pigra) ATCC 290987 ; 4, D.
desulfuricans Essex 6 ATCC 29577%; 5, D. desulfuricans MB ATCC
27774; 6, D. fairfieldensis ATCC 700045.

3.2. SRB identification by multiplex PCR

The sensitivity of the multiplex PCR assay was 100 bac-
teria per ml. Its specificity was ascertained by the absence
of cross-reactions between the four genospecies differenti-
ated. Each positive control was found positive solely with
the corresponding set of primers. All strains used as neg-
ative controls to check the specificity, including the type
strains of D. gigas and D. vulgaris, gave negative results
with the four primer sets. The specificity of the reactions
was further confirmed by sequencing the amplified prod-
ucts. The obtained sequences always corresponded to the
ones expected. For SRB-negative samples by PCR, 16S
rDNA amplification permitted to discard the possibility
of an inhibition of the PCRs by contaminants.

In healthy individuals, the 10 positive feces corre-
sponded to D. piger (n=15), D. fairfieldensis (n=4) or
D. desulfuricans MB (n=1) (Fig. 1). Each culture-positive

feces was found positive by PCR for only one of the gen-
ospecies tested.

In patients from the Hepato-Gastro-Enterology Unit,
the 45 positive and the three equivocal feces gave positive
results by PCR. They corresponded to D. piger (n=33),
D. fairfieldensis (n=14) or both (n=1). No D. desulfuri-
cans was evidenced (Table 3). The culture-negative flasks
were also negative by PCR.

3.3. Relation of Desulfovibrio species with IBD

The distribution of the species did not differ significantly
when comparing healthy individuals and patients with
non-inflammatory bowel diseases. D. piger was barely
more prevalent than D. fairfieldensis. Conversely, in pa-
tients with IBD, D. piger was 4 times more frequent
than D. fairfieldensis. This difference was especially notice-
able for CD as IBD patients consisted mainly of CD pa-
tients. Furthermore, the prevalence of D. piger was signifi-
cantly higher in patients hospitalized for IBD as compared
to healthy individuals or patients hospitalized for other
pathologies (P <0.05). There was no relation between
the stage of the disease and the presence of SRB. Therapy
did not modify the isolation rate of these bacteria.

4. Discussion

The presence of SRB in the intestinal tract of animals
and humans has been recognized for a long time, although
identifications at the species level have seldom been per-
formed. Our results confirm that these bacteria are com-
mon inhabitants of the intestinal tract of humans. Most
studies of intestinal SRB from IBD patients have relied on
cultivation-based microbiological analysis of fecal sam-
ples, and have therefore identified SRB at the genus level
[8,9,11]. However, recent studies have suggested that the
possible role of SRB in the pathogenesis of IBD may be
related to physiological and/or phylogenetic differences be-
tween strains of SRB [21,22]. Thus, we devised a multiplex
PCR to identify these bacteria at the species level. Con-
sidering the difficulty of isolation and the rarity of specific

Table 3

Identification of SRB in feces by PCR according to the clinical status of patients

Clinical status SRB? D. piger® D. fairfieldensis D. desulfuricans
Inflammatory bowel diseases (n=22) 15 (68) 12 (55) 3(14) 0 (0)

Crohn’s disease (n=17) 12 (71) 11 (65) 1 (6) 0 (0)

Ulcerative colitis (n=15) 3 (60) 1 (20) 2 (40) 0 (0)
Non-inflammatory bowel diseases (n = 88) 33 (37) 22 (25) 12 (14) 0 (0)

Other lower bowel diseases (n=30) 10 (33) 6 (20) 5(17) 0 (0)

Upper digestive tract diseases (n=58) 23 (40) 16 (28) 7 (12) 0 (0)

Healthy individuals (n=41) 10 (24) 5(12) 4 (10) 12

#Number of positive feces. Numbers in parentheses stand for percentage (%).

SFormerly Desulfomonas pigra. Tts prevalence is significantly higher in inflammatory bowel diseases as compared to healthy individuals or non-inflamma-

tory bowel diseases (x> test, P <0.05).
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searches, the prevalence of SRB in human clinical samples
is certainly underestimated. The Test-kit Labeége®, devel-
oped for the detection of SRB from environmental sam-
ples, proved to be a suitable medium for the detection of
SRB from feces as well as from body fluids (Loubinoux,
unpublished result). It has been shown by the manufac-
turer to grow environmental strains of SRB such as
D. desulfuricans DSM 1926, Desulfotomaculum nigrificans
DSM 574T, Desulfobacter postgatei DSM 20347 and De-
sulfobulbus propionicus DSM 20327, In our hands, it
proved to be more sensitive than the commonly used Post-
gate’s medium as six additional isolates of Desulfovibrio
were detected in patients. Despite the abundant accompa-
nying flora, the Test-kit Labége® permitted fast growth of
the SRB from stool specimens as the mean time of detec-
tion was 2 days (versus 6 days in Postgate’s medium). This
may be related to the quality of the medium, but also to
the mode of inoculation of samples that ensures the main-
tenance of strict anaerobiosis. As compared to Postgate’s
medium, the addition of acetate to lactate widens the de-
tection spectrum to include slowly growing acetate metab-
olizing SRB such as Desulfobacter spp. Moreover, the
presence of titanium citrate, which is a very efficient re-
ducing agent (the redox potential of Test-kit Labége® is
about —600 mV), allows a more rapid detection of most
strains of SRB.

It is possible that some strains of SRB were not detected
by the Test-kits Labége®, being overgrown by the accom-
panying flora or because of a low number in samples.
However, the Test-kit Labége® is adapted to the growth
of most of SRB, and all the positive flasks were identified
by PCR as D. piger, D. fairfieldensis or D. desulfuricans.
Despite the incubation time of 2 months, no additional
species was evidenced. Thus, it is possible that our findings
do correspond to the real human flora consisting almost
exclusively of D. piger and D. fairfieldensis. D. desulfuri-
cans was isolated once and has also been described in
humans in a previous study [14], but it is likely uncommon
in the intestinal tract. In most cases, D. piger and D. fair-
fieldensis were mutually exclusive. An association of both
species was observed only once in a case of colonic cancer.
To confirm the almost non-overlapping occurrence of
D. piger and D. fairfieldensis, five colonies of SRB grown
in solid Postgate’s medium have been identified by PCR
for each positive Test-kit Labége®. In each case, the same
result was obtained and the five colonies belonged to the
same species (data not shown). We have also made a fol-
low-up of 10 patients (five SRB-positive and five SRB-
negative) for 2 months and stools were cultured every
week. For each patient, the same result (SRB-positive or
SRB-negative) was obtained with all samples (data not
shown). However, it would be interesting to follow the
patients with IBD over a longer period of time to deter-
mine if the activity of the disease has a consequence on the
population of SRB.

D. desulfuricans is commonly isolated from the environ-
ment, and has also been considered as the most prevalent
species of Desulfovibrio in humans [9,11] until the recent
description of D. fairfieldensis [16]. Thus, one may be sur-
prised about the very low occurrence of D. desulfuricans in
our population. Up to now, D. piger and D. fairfieldensis
have been isolated solely from human samples. Thus, our
results show that both species may be specific for the hu-
man intestinal tract. However, this remains to be deter-
mined by the specific search for these bacteria in other
ecological niches. D. piger has been described only once
[10], and was considered as an uncommon finding in hu-
mans. Our results indicate that it may be the most com-
mon SRB in the intestinal tract. However, this species has
never been described in infectious processes. On the con-
trary, D. fairfieldensis, apparently less common in human
feces, has been isolated outside the colonic lumen from
blood and septic collections [13—-16]. Thus, D. fairfieldensis
may possess additional invasive properties as compared to
other species of Desulfovibrio, which would explain its re-
covery from clinical samples. Interestingly, in our series of
patients, the prevalence of D. piger in the feces is signifi-
cantly higher in patients hospitalized for IBD (mostly CD)
than in healthy individuals or in patients hospitalized for
other pathologies. This may have two explanations: either
D. piger has physiological characteristics that cause the
onset of lesions and/or participate in the perpetuation of
chronic inflammatory processes, or colonization by this
species is favored by local conditions in IBD patients.
The association of SRB with IBD has already been de-
scribed [9]. D. piger has not been considered further since
its first description in 1976 [10]. Thus, the finding that this
bacterium, considered as a ‘non-pathogenic’ species, is a
common inhabitant of the human intestinal tract and the
most prevalent species of SRB in IBD patients is surpris-
ing. Additional studies should be conducted to elucidate
the way in which D. piger may be implicated in these
chronic inflammatory processes.

Acknowledgements

This work was supported in part by the Compagnie
Frangaise de Géothermie (Orléans, France) and by a
FCT Grant POCTI 36562/ESP/2000 to ICP. We are in-
debted to the late Dr. Wee Tee (University of Melbourne,
Australia) for kindly providing four strains of D. fairfield-
ensis (including strain ATCC 700045) and also to Prof. D.
Raoult (University of Marseille, France) for providing one
strain of D. fairfieldensis. We thank D. Meng and A.M.
Carpentier (Laboratoire de Bactériologie-Virologie UMR
CNRS 7565) for their excellent technical assistance, Dr. A.
Dao and Prof. B. Fortier for providing feces from healthy
individuals as well as the nurses of the Hepato-Gastro-
Enterology Unit for their kindness.



112 J. Loubinoux et al. | FEMS Microbiology Ecology 40 (2002) 107112

References

[1] Fiocchi, C. (1998) Inflammatory bowel disease: etiology and patho-
genesis. Gastroenterology 115, 182-205.

[2] Gaudio, E., Taddei, G., Vetuschi, A., Sferra, R., Frieri, G., Ricciardi,
G. and Caprilli, R. (1999) Dextran sulfate sodium colitis in rats:
clinical, structural and ultrastructural aspects. Dig. Dis. Sci. 44,
1458-1475.

[3] Okayasu, 1., Hatakeyama, S., Yamada, M., Ohkusa, T., Inagaki, Y.
and Nakaya, R. (1990) A novel method in the induction of reliable
experimental acute and chronic ulcerative colitis in mice. Gastroen-
terology 98, 694-702.

[4] Campieri, M. and Gionchetti, P. (2001) Bacteria as the cause of
ulcerative colitis. Gut 48, 132-135.

[5] Elson, C.O. (2000) Commensal bacteria as targets in Crohn’s disease.
Gastroenterology 119, 254-257.

[6] Marteau, P. (2000) Role of the intestinal flora in gastrointestinal
diseases. Lancet 356, 28.

[7] Loubinoux, J., Valente, F.M.A., Pereira, I.A.C., Costa, A., Grimont,

P.A.D. and Le Faou, A.E. (2002) Reclassification of Desulfomonas

pigra as Desulfovibrio piger comb. nov., and suppression of the genus

Desulfomonas. Int. J. Syst. Evol. Microbiol. (in press).

Gibson, G.R., McFarlane, G.T. and Cummings, J.H. (1988) Occur-

rence of sulphate-reducing bacteria in human faeces and the relation-

ship of dissimilatory sulphate reduction to methanogenesis in the

large gut. J. Appl. Bacteriol. 65, 103-111.

Gibson, G.R., Cummings, J.H. and McFarlane, G.T. (1991) Growth

and activities of sulphate-reducing bacteria in gut contents of healthy

subjects and patients with ulcerative colitis. FEMS Microbiol. Ecol.

86, 103-112.

[10] Moore, W.E.C., Johnson, J.L. and Holdeman, L.V. (1976) Emenda-
tion of Bacteroidaceae and Butyrivibrio and descriptions of Desulfo-
monas gen. nov. and ten new species in the genera Desulfomonas,
Butyrivibrio, Eubacterium, Clostridium, and Ruminococcus. Int.
J. Syst. Bacteriol. 26, 238-252.

[8

[9

[11] Willis, C.L., Cummings, J.H., Neale, G. and Gibson, G.R. (1997)
Nutritional aspects of dissimilatory sulfate reduction in the human
large intestine. Curr. Microbiol. 35, 294-298.

[12] Langendijk, P.S., Hanssen, J.T.J. and Van der Hoeven, J.S. (2000)
Sulfate-reducing bacteria in association with human periodontitis.
J. Clin. Periodontol. 27, 943-950.

[13] La Scola, B. and Raoult, D. (1999) Third human isolate of a Desul-
fovibrio sp. identical to the provisionally named Desulfovibrio fair-
fieldensis. J. Clin. Microbiol. 37, 3076-3077.

[14] Loubinoux, J., Mory, F., Pereira, I.LA.C. and Le Faou, A.E. (2000)
Bacteremia caused by a strain of Desulfovibrio related to the provi-
sionally named Desulfovibrio fairfieldensis. J. Clin. Microbiol. 38,
931-934.

[15] McDougall, R., Robson, J., Paterson, D. and Tee, W. (1997) Bacter-
emia caused by a recently described novel Desulfovibrio species.
J. Clin. Microbiol. 35, 1805-1808.

[16] Tee, W., Dyall-Smith, M., Woods, W. and Eisen, D. (1996) Probable
new species of Desulfovibrio isolated from a pyogenic liver abscess.
J. Clin. Microbiol. 34, 1760-1764.

[17] Babidge, W., Millard, S. and Roediger, W. (1998) Sulfides impair
short chain fatty acid beta-oxidation at acyl-CoA dehydrogenase lev-
el in colonocytes: implications for ulcerative colitis. Mol. Cell. Bio-
chem. 181, 117-124.

[18] Pitcher, M.C.L. and Cummings, J.H. (1996) Hydrogen sulphide: a
bacterial toxin in ulcerative colitis? Gut 39, 1-4.

[19] Roediger, W.E., Moore, J. and Babidge, W. (1997) Colonic sulfide in
pathogenesis and treatment of ulcerative colitis. Dig. Dis. Sci. 42,
1571-1579.

[20] Postgate, J.R. (1984) The Sulphate-reducing Bacteria, 2nd edn., Cam-
bridge University Press, Cambridge.

[21] Zinkevich, V. and Beech, J.B. (2000) Screening of sulfate-reducing
bacteria in colonoscopy samples from healthy and colitic human
gut mucosa. FEMS Microbiol. Ecol. 34, 147-155.

[22] Pitcher, M.C.L., Beatty, E.R. and Cummings, J.H. (2000) The con-
tribution of sulphate-reducing bacteria and 5-aminosalicylic acid to
faecal sulphide in patients with ulcerative colitis. Gut 46, 64-72.



