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Clostridium ramosum rapidly identified by MALDI-TOF MS. A rare
gram-variable agent of bacteraemia.
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Abstract

tion methodology, treatment and outcome.

Clostridium ramosum is an enteric anaerobic, endospore-forming, gram-positive rod with a low GC content that is rarely associ-
ated with disease in humans. We present a case of C. ramosum bacteraemia. To the best of our knowledge, this is the second
case of C. ramosum bacteraemia in an elderly patient presenting with fever, abdominal pain and bilious emesis. We highlight the
Gram stain variability, the lack of visualization of spores and the atypical morphology of the colonies that showed C. ramosum
in a polymicrobial presentation that initially appeared to show monomicrobial bacteraemia. The microorganism was rapidly
identified by matrix-assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF MS). We present a com-
prehensive literature review of 32 cases of clinical infections by C. ramosum in which we describe, if available, sex, age, clinical
symptoms, predisposing conditions, other organisms present in the blood culture, other samples with C. ramosum, identifica-

INTRODUCTION

Clostridium ramosum is an anaerobic, endospore-forming
and gram-positive rod that is an inhabitant of the gastro-
intestinal tract [1]. The organism was renamed Erysip-
elatoclostridium ramosum in 2013 [2]. Routine diagnostic
laboratories may have difficulty in identifying C. ramosum

[3].

Clostridium bacteraemia (CB) account for approximately 1%
of all significant blood culture isolates. Most are caused by
Clostridium perfringens [4, 5]. Occasionally, C. ramosum has
been found in association with bacteraemia and other infec-
tions sites [6, 7].

We report a case of C. ramosum bacteraemia (CRB) with a
devastating outcome in an elderly patient with rheumatoid
arthritis who was under long-term steroid treatment, with
apparent abdominal origin. The purpose of this report was:

o to alert microbiologists to suspect aerobic—anaerobic
poly-microbial bacteraemia when gram-variable rods with
apparent monomicrobial origin are observed in anaerobic
bottles;

o to show the advantages of matrix-assisted laser desorption/
ionization time-of-flight mass spectrometry (MALDI-
TOF MS) for fast and reliable identification of C. ramosum;

o to present a literature review of bacteraemia and other
clinical infections caused by C. ramosum.

CASE PRESENTATION

A patient in their 90s with a medical history of anaemia,
bedridden status and rheumatoid arthritis under pred-
nisone treatment was admitted to the emergency room
with fever up 38.5°C, bilious emesis and abdominal pain.
Abdominal tenderness, diminished bowel sounds and pain
at abdominal examination were observed. Heart murmurs
were hypophonic. The patient was in poor general condition,
with a tendency to sleep, and confused. Blood pressure was
70/40 mmHg and the respiratory rate was 30 min~'. Labo-
ratory findings showed a white blood cell count of 12x10°
I"' (85% neutrophils), platelets 310x10° 1!, glucose 66 mg
dl!, urea 63 mg dl’}, creatinine 1.33mg dl*!, Na* 123 meq
I, K*7 meq I'', Cl 83 meq I'!, aspartate aminotransferase
2710 17, alanine aminotransferase 101U 1, alkaline phos-
phatase 651U 1, total bilirubin of 1.20mg dI"! and serum
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Fig. 1. C. ramosum colonies on Brucella blood agar.

lactate 5.2 mmol 1"%. Urine and blood cultures were drawn.
Because aerobic bottles were not available at that time in the
emergency room, and the antimicrobial and surgical treat-
ment had to be implemented urgently, two anaerobic bottles
were collected through two venipuncture (10 ml of blood in
each vial) from different sites. Piperacillin/tazobactam (4.5
g every 6h, IV) treatment was started. Because the patient
was in poor general condition, and because of the severity of
the presentation, no images were taken. As bowel perforation
was suspected, an exploratory laparotomy was going to be

Fig. 2. C. ramosum Gram stain.

performed. Unfortunately, the patient died just before the
procedure was begun. No autopsy was performed.

Urine culture was negative. Blood samples were cultured
using the BD BACTEC FX system (Becton Dickinson,
Franklin Lakes, NJ, USA). After a 3h incubation period,
one of the anaerobic bottles (bottle 1) became positive and
Gram staining demonstrated gram-variable/negative rods.
Because an aerobic subculture yielded growth of Escherichia
coli, an anaerobic culture was not performed. After a 4days
and 7h of incubation, the other anaerobic bottle (bottle 2)
showed a thin gram-negative rod. The organism did not grow
aerobically, and thus an anaerobic subculture was performed.
Anaerobic growth on Brucella blood agar supplemented with
hemin and vitamin K (BA) yielded a pure culture of small,
greyish, smooth, round, non-haemolytic colonies with whole
edges after 48h that turned brown with longer incubation
(Fig. 1). The isolate was identified as Clostridium ramosum
by the MALDI-TOF Microflex Biotyper 3.1 with a score >2.
(Bruker-Daltonics) and by conventional methods [8]. The
organism stained gram-variable, although it demonstrated
susceptibility to vancomycin (5 pg) and resistance to colistin
(10 pug) special potency identification discs, suggesting that
it was a gram-positive bacterium (Fig. 2). The isolate was
nonmotile. Tests for catalase, indole, lecithinase, lipase, gelatin
hydrolysis, nitrate, and the reverse CAMP test, were negative.
The isolate was able to ferment maltose, glucose, sucrose, fruc-
tose, mannose, melibiose, cellobiose, raflinose, salicin, lactose
and mannitol, but not arabinose and xylose. Bile esculin agar
showed enhanced growth with hydrolysis of esculin.

Given that C. ramosum could stain as a gram-negative rod,
we decided to re-examine bottle 1 under the suspicion of
a polymicrobial bacteraemia. Hence, in order to find out if
C. ramosum was present we sub-cultured it anaerobically
onto BA, Brucella supplemented with vitamin K, hemin and
amikacin (BAA), and BAA supplemented with vancomycin
(BAAV). C. ramosum grew on the BA and BAA after 48h of
incubation; BA yielded E. coli too. Attempts to grow organ-
isms on BAAYV failed.

In order to confirm species identification, PCR amplifica-
tion of the 16S rRNA was performed. The nearly complete
sequence of the 16S rRNA gene was amplified by PCR with
the conserved primers 8F (5-AGAGTTTGATYMTG-
GCTCAG-3') and 1942R (5-ACCTTGTTACGACTT-3') as
described previously [9]. Cycling sequencing was performed
using the Big Dye Terminator v3.1 Cycle Sequencing kit
(Applied Biosystems) and the ABI PRISM 3100 Genetic
Analyzer (PE Applied Biosystems). The sequence obtained for
the isolate analysed was assembled, manually corrected and
compared to publicly available sequences in GenBank using
the Basic Local Alignment Search Tool (BLAST) algorithm of
the National Center for Biotechnology Information (NCBI).
Alignments were performed by a hierarchical multiple align-
ment method implemented in the program crustaL x. The
sequence obtained showed 100% identity with the sequence
corresponding to the 16S RNA ribosomal gene of C. ramosum
type strain JCM 1298 (GenBank accession no. AB595128).
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E. coli was susceptible to piperacillin/tazobactam. C. ramosum
did not produce beta-lactamase [nitrocefin disc (bioMer-
ieux)]. Antibiotic susceptibilities were determined by E-test
(bioMérieux), and were interpreted using the Clinical and
Laboratory Standards Institute (CLSI) M11-A8 document
[10]. C. ramosum showed sensitivity to ampicillin (MIC
0.016 ugml™), piperacillin/tazobactam (MIC 0.032 pgml™),
cefoxitin (MIC 4 ug ml™), metronidazole (MIC 0.094 ugml™),
imipenem (MIC 0.025pgml™) and clindamycin (MIC
0.075pgml™).

DISCUSSION AND REVIEW OF LITERATURE

C. ramosum is one of the Clostridium spp. that have been
reported to stain gram-negative despite having a typical
gram-positive cell wall [11]. In an extensive update of
clostridial classification, more than 50 bacteria, previously
placed in the genus Clostridium, have been reassigned to other
taxonomic groups [12, 13]. However, many organisms still
retained the Clostridium name, causing major confusion in
clostridial taxonomy [12, 14, 15]. C. ramosum, a member of
the cluster XVIII, along with three other Clostridium species,
was transferred by Ludwig et al. in 2009 to the family Erysip-
elotrichaceae in the class Erysipelotrichi [12]. It has been
proposed to assign C. ramosum and four related species to the
new genus Erysipelatoclostridium [2, 15]. The microorganism
was renamed Erysipelatoclostridium ramosum in 2013. The
genus Erysipelatoclostridium is in the new family Erysipela-
toclostridiaceae with other members of the XVIII clostridial
cluster and was recently confirmed as a monophyletic group
in a standardized revision of the taxonomy [2, 16].

The isolation and identification of C. ramosum in a polymi-
crobial presentation has some difficulties. C. ramosum can
easily be misidentified or overlooked because it usually stains
as a gram-negative rod and its terminal spores are hard to
demonstrate [3, 17-19].

The Gram stain may be the oldest and most entrenched tech-
nique still in use in the microbiology laboratory. It is well
recognized that certain gram-positive species often stain
gram-negative or gram-variable as cultures age because of
cell wall changes with loss of viability [20]. Although most
Clostridium species are anaerobic, endospore-forming and
gram-positive rods, some species may be stained gram-
variable or gram-negative and their spores could be difficult
to detect. Some of these microorganisms belong to the
so-called ‘RIC group’: C. ramosum, Clostridium innocuum
and Clostridium clostridioforme [3]. C. ramosum may be
difficult to recognize in the laboratory because of its Gram
stain variability and lack of spores, and the atypical clostridial
morphology of its colonies 3, 17-19, 21]. It was reported that
the loss of gram-positive appearance occurs most frequently
in direct stains of clinical material, or in cultures after incu-
bation for extended periods, or in species showing terminal
spores [3, 22]. Therefore, C. ramosum can be misidentified as
belonging to other genera, so the number of positive cultures
is probably underestimated [23].

In our case, the organism presented as thin gram-negative
rods, which made microbiological interpretation difficult. In
fact, an anaerobic sub-culture was initially not carried out for
bottle 1, because it was interpreted as showing monomicrobial
growth, i.e. E. coli. Physicians and microbiologists should
maintain a high level of awareness because the Gram stain of
a blood culture can be misinterpreted [17, 24].

Nowadays, several commercially available identification tech-
niques, ranging from enzyme-based systems to newer molec-
ular PCR-based techniques (such as 16S rRNA sequencing)
and MALDI-TOF MS, are in use. However, most of the kits
for biochemical identification of C. ramosum need to be
supplemented with additional tests for the complete identi-
fication of the organism [3, 18, 25, 26]. Further, ANC cards
(VITEK 2, bioMérieux, France) have identified C. ramosum
as C. clostridioforme [27]. For all these reasons, the 16S rRNA
gene needs to be sequenced to confirm the identification
[1, 9]. These factors probably lead to underreporting of this
clostridial species in human infections [28].

For diagnosis and treatment purposes it is important to
ensure fast and accurate identification of Clostridium species.
The current trend is for instrumental methods to replace
traditional microscopic and biochemical investigations for
rapid identification. However, 16S rRNA gene sequencing is
time-consuming, which may inhibit this possibly becoming a
routine approach. Modern alternatives such as MALDI-TOF
MS offer a fast, accurate, sensitive, robust and inexpensive
solution for routine characterization and typing of microbes
in laboratories. In fact, both VITEK MS (VITEK MS data-
base 2.0, bioMérieux, France) and MALDI-TOF MS (Bruker
Biotyper — Becton Dickinson) showed excellent performance
for the identification of C. ramosum [27, 29]. However, it is
important to consider which database has been used in the
identification process, because in a study carried out by Lee
et al., 2/7 C. ramosum isolates were not identified by VITEK
MS with the IVD 1.1 database [30]. Fortunately, this was
updated to the VITEK MS database 2.0, and interestingly 7/7
C. ramosum strains included in a recently published study
were identified correctly [27].

CRB particularly occurs in adults predisposed to infection
because of underlying malignancy and immunosuppression,
and patients with bowel perforation and abscess formation
(6,31, 32], but also in immunocompetent patients [28]. CRB
has comprised 0-13% of CB in published retrospective case
series [4, 33]. The medical literature contains a paucity of CRB
documented cases (Table 1) [6, 7, 23, 28, 31, 32, 34-42].

C. ramosum has been reported to cause osteomyelitis, septic
arthritis, mastoiditis, spondylodiscitis, otitis media, pyelo-
nephritis, septic arterial emboli, endocarditis, gas gangrene,
septic pseudoarthrosis, peritoneal dialysis-related peritonitis,
liver abscess, brain abscess, cerebellar abscess, lung abscess,
Fournier’s gangrene, pseudomembranous colitis, infected
thoracic aortic aneurysm and infection of intracranial hydatid
cyst (Table 1) [17-19, 21, 23, 28, 34, 36, 38, 39, 43-49]. Most
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C. ramosum isolates were obtained from blood culture, and
occasionally from other samples, such as:

(1) Abscess in a case of cerebellar abscess secondary to otitis
media in a 5-year-old boy with bilateral chronic suppura-
tive otitis media for 4years for which he was being treated
with no response [21]. (2) Prosthetic material in a case of
septic pseudarthrosis after an orthopaedic procedure with
an allograft in a young female patient with Ewing’s sarcoma
[48]. (3) Peritoneal fluid in a case of peritoneal dialysis-related
peritonitis. Peritoneal fluid was cultivated in a set of BacT/
ALERT FAN Plus aerobic and anaerobic blood culture bottles
(bioMérieux, Marcy-I'Etoile, France). C. ramosum could be
detected within 1 day in the anaerobic bottle [17]. (4) Wound
in a case of osteomyelitis in an immunocompetent patient
after traumatic injury [28]. (5) Perinephric abscess in a case
of emphysematous pyelonephritis [46]. (6) Paravertebral
abscess in a case of spondylodiscitis [18]. (7) Left femoral
artery emboli in a case of endocarditis [34]. (8) Aortic wall
and surrounding tissue in a case of infected thoracic aortic
aneurysm [49]. (9) Middle ear in two cases of acute otitis
media [31, 47]. (10) Cystic component in a case of intracra-
nial hydatid cyst infection [45]. (11) Abscess left wrist and
left hip intraoperative sample in a case of osteoarthritis of
the hip [39]. (12) Abscess in a case of brain abscess [19].
(13) Synovial fluid and intraoperative samples in a case of
knee prosthetic joint infection [39]. Interestingly, 11 of
these 14 samples (78%) yielded C. ramosum in pure culture
[17, 18, 21, 28, 31, 34, 39, 45, 48, 49].

CB frequently has a polymicrobial presentation [50]. Multiple-
organism bacteraemia is a sign of intra-peritoneal sepsis [51].
C. ramosum is an inhabitant of the intestinal tract, and has only
rarely been associated with severe infections [52-54]. Like
other series, in our patient, we suspect an abdominal source
because of the clinical and polymicrobial presentation with
an enteric bacterium, i.e. E coli [55]. Although C. ramosum
is non-pathogenic, it is able to produce immunoglobulin A1l
and A2 proteases, which may facilitate intestinal mucosal
penetration, allowing the bacterium to escape the mucosal
defense in particularly susceptible patients [53, 54, 56, 57].
Because the GC% of the gene encoding this enzyme is signifi-
cantly higher than the entire genome of C. ramosum, it seems
that this gene was acquired recently through horizontal gene
transfer [58]. Moreover, only a fraction of the isolates are IgA
protease-positive, suggesting that this enzyme is not essential
to the bacterium [53] Although IgA1l is predominant in the
upper respiratory tract (URT), equal proportions of IgA1 and
IgA2 occur in the intestine. Most bacteria producing IgA1
protease activity colonize the URT, whereas C. ramosum is a
natural inhabitant of the intestine. Therefore, possession of a
proteinase cleaving both molecules seems to be beneficial for
this microorganism and its in vivo fitness in the colonization
of the intestine mucosa [53, 57]

On the other hand, it is interesting to note the growing
importance of C. ramosum in other diseases apart from the
infectious states. The gut microbiome is currently an area of
intensive research. In recent studies, C. ramosum has been
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associated with obesity, diabetes, malignancy, enterohemor-
rhagic E. coli (EHEC) infection, and attention has also been
paid to its use as an immunization treatment or as a biomarker
for cancer [58-66].

Most reported CRB cases, like ours, occur in adults predis-
posed to infection because of underlying malignancy or
immunosuppression, and patients with bowel perforation
and abscess formation [6, 31, 32] (Table 1).

Advanced age increases the risk of clostridial infection,
independent of comorbidities, which could be explained
by age-related increase of clostridial species in the normal
intestinal microbiota [41]. Moreover, as in our case, CRB
can be associated with high mortality [6]. In one CB study;,
C. ramosum was among the three most highly placed isolates
in the case fatality rates [41]. It is notably that 9/22 (41%)
reported CRB cases had a fatal outcome [of these, 6/9 (66
%) had polymicrobial bacteraemia], while 9/22 (41%) were
polymicrobial. Of 31 cases of C. ramosum infections with
available data, 26 (84%) presented fever. Only 1/11 patients
who did not present CRB had a fatal outcome (Table 1).

The clinical significance of Clostridium isolated from blood
culture is a subject of ongoing debate. Some believe this
organism should never be dismissed as a contaminant
[67, 68]. Others have demonstrated that Clostridium
species are usually non-pathogenic [69, 70]. However, it
is important to consider that microbes recovered from
blood cultures should be assumed to be significant if they
have established pathogenic potential or are present, as
in our case, in two blood cultures [71]. Unfortunately,
an anaerobic subculture was not performed for bottle
1 [E. coli and C. ramosum, time-to-positivity (TTP) 3h]
at the time it became positive. With regard to bottle 2
(C. ramosum, TTP 4 days and 7 h), a previous study demon-
strated that most (85%) positive signals on days 3 to 5 were
ultimately disregarded as contamination, but, late positive
bottles, as in our case, can play a valuable role in the inter-
pretation of culture, mainly if two blood cultures yielded
C. ramosum [72]. Because of the patient’s predisposition to a
clostridial infection, the clinical presentation and outcome,
and the fact that two separate blood cultures obtained
from different sites (two venipuncture) were positive for
C. ramosum, a rare microorganism not usually found as
contaminant, we could assume that CRB in our patient was
clinically significant.

On the other hand, it is important to consider that a short
TTP has been reported to be an independent predictor
of fatal outcome in patients with diverse-source E. coli
bacteraemia [73]. Previous studies have shown that the
TTP is shorter from patients whose E. coli bacteraemia
are of unknown origin or non-urinary tract, from females,
from cases of shock or severe sepsis, or from patients who
died. Indeed, E. coli bacteraemia was an independent
predictor of fatal outcome in patients with diverse-source
bacteraemia [74, 75]. TTP and the clinical relevance of the
individual pathogens of the polymicrobial culture cannot
be determined or is difficult to determine [75]. One study
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revealed that by 48h, 98% of aerobic gram-positive and
gram-negative bloodstream infections were detected [72].
Anaerobic bacteraemia has been demonstrated to be
always or frequently present in the prolonged TTP group
[73, 75]. Indeed, 6/15 (40%) bloodstream infections that
were detected after more than 48h of culture incubation
corresponded to anaerobes [72].

All of these facts - the negative urine culture, the short TTP
(3h) for bottle 1 (E. coli and C. ramosum) and an immuno-
compromised elderly patient with abdominal symptoms - led
us to suspect fatal E. coli bacteraemia.

C. ramosum was susceptible to ampicillin, piperacillin/
tazobactam, cefoxitin, imipenem, clindamycin and metro-
nidazole. However, it is important to take into account that
this species can produce f-lactamases and can display vari-
able susceptibility to other antibiotics, such as penicillin,
cefoxitin, quinolones, clindamycin and cephalosporins
[3, 18, 41, 76-78, 28, 44]. Carbapenem resistance has also
been reported [28].

Treatment of patients with C. ramosum infections should
combine antimicrobial agents with an early and aggresive
elimination of infectiuos foci (drainage, debridement,
removal)[19, 21, 28, 32, 34, 35, 39, 344, 46, 47, 48, 49].

CONCLUSIONS

To the best of our knowledge, this is the second case of
CRB in an elderly patient with fever, abdominal pain,
bilious emesis and fatal outcome. We presumed an intra-
abdominal source of bacteraemia, based on the clinical
and the polymicrobial presentation with an intestinal
inhabitant. For elderly bedridden patients with a history
ofrheumatoid arthritis, long-term steroid treatment and
new-onset fever, CRB may be fatal with devastating conse-
quences despite adequate surgical and medical manage-
ment. However, in this patient it was not really proven
that C. ramosum was the most important pathogen in the
sepsis.

Its incidence is probably underestimated because
Clostridium spp. observed as gram-negative thin rods is
fairly uncommon and may be unrecognized from polymi-
crobial bacteraemia. The interpretation and meticulous
observation of Gram stain and proper processing of blood
cultures were very important in the bacteriological diag-
nosis of CRB. MALDI-TOF MS was a fast and reliable
methodology for the identification of C. ramosum.
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