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ABSTRACT

The aim of this systematic review was to determine the causal role of Erysipelatoclostridium 

ramosum in specific invasive infections in humans, and to assess the clinical outcome of 

antibiotic therapy used to treat them. Several electronic databases were systematically 

searched for clinical trials, observational studies or individual cases on patients of any age 

and gender with a systemic inflammatory response syndrome (SIRS) due to E. ramosum 

isolated from body fluids or tissues in which it is not normally present. Only reports 

identifying E. ramosum as the only microorganism isolated from a patient with SIRS were 

included. This systematic review included 15 studies reporting 19 individual cases in which 

E. ramosum caused invasive infections in various tissues, mainly in immunocompromised 

patients. E. ramosum was most often isolated by blood cultures and identified by specific 

biochemical tests. Severe infections caused by E. ramosum were in most cases effectively 

treated with antibiotics, except in two patients, one of whom died. More than one isolate 

of E.  ramosum exhibited 100% susceptibility to metronidazole, amoxicillin/clavulanate 

and piperacillin/tazobactam. On the other hand, individual resistance of this bacterium to 

penicillin, ciprofloxacin, clindamycin, imipenem and ertapenem was reported. This systematic 

review confirmed the clinical relevance of E. ramosum as a cause of a number of severe 

infections mainly in immunocompromised inpatients. Metronidazole and meropenem appear 

to be the antibiotics of choice that should be used in combination or as monotherapy to treat 

E. ramosum infections, depending on the type and severity of the infection. 

KEYWORDS: Erysipelatoclostridium ramosum. Gram-positive bacillus. Invasive infection. 

Antibiotic treatment. Systematic review. 

INTRODUCTION

The recently revised genome-based bacterial taxonomy classified 
Erysipelatoclostridium ramosum (genus Erysipelatoclostridium) into the family 
Erysipelatoclostridiaceae, along with other strains of the phylogenetic clostridium 
VIII species1. Previously, this Gram-positive, non-mobile, spore-forming anaerobic 
bacillus was known for a long time as Clostridium ramosum, while it was called 
Bacillus ramosum and Ramibacterium ramosum during the first several decades since 
its discovery in 18982. Erysipelatoclostridium ramosum (E. ramosum) belongs to the 
human gut commensal microbiota, though some strains have the ability to produce 
IgA1 and IgA2 proteases, thus increasing the host susceptibility to opportunistic 
bacterial invasion by translocation across the intestinal mucosa3. This particularly 
affects children under the age of five and immunocompromised elderly people who, 
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although rarely, could develop invasive infections4,5. Due to 
the many difficulties to properly grow E. ramosum in culture 
and perform its identification by routine microbiological 
techniques, the incidence of both, possible endogenous and 
exogenous infections caused by E. ramosum is considered 
underestimated in the real-world clinical practicE. The use 
of modern diagnostic techniques, such as mass spectrometry, 
has shown that various anaerobic gram-positive bacteria, 
which are not considered so common, may cause brain 
abscesses6. Invasive infections such as bacteremia5, septic 
arthritis7, septic pseudoarthrosis8, osteomyelitis9, cerebellar 
abscess10, lung abscess11, Fournier’s gangrene12, gas 
gangrene13, spondylodiscitis14, pseudomembranous colitis15, 
septic arteria emboli16 among others, might be associated 
with a high risk of death. 

To our best knowledge, no evidence-based guidelines 
have been proposed to date to support adequate antibiotic 
therapy for Erysipelatoclostridium ramosum infections. 
Published literature has mostly reported individual cases 
suggesting certain antibiotics for the treatment of these 
infections based on in vitro susceptibility testing4,5,7,14,17,18. 
E. ramosum shows excellent susceptibility to piperacillin-
tazobactam, amoxicillin/clavulanate, ampicillin/sulbactam, 
imipenem, meropenem, metronidazole, vancomycin 
and chloramphenicol. Sensitivity to penicillin and 
cephalosporins is variable, most likely due to the production 
of β-lactamases by some E. ramosum strains5,14. Similarly, 
discordant results related to clindamycin sensitivity have 
been reported5,12. There is probably an intrinsic resistance 
to aminoglycosides, fluoroquinolones, rifampin and most 
of tetracyclines5,14,19. In addition, the doses and duration of 
antibiotic therapy can also vary significantly. Considering 
all of the above, there is an unmet clinical need to create 
some kind of guidance for antibiotic treatment of invasive 
E. ramosum infections that could help physicians to address 
this rare but potentially serious problem in clinical practice.

Therefore, the goal of the present systematic review 
was to determine the causal role of E. ramosum in specific 
invasive infections in humans and to assess the clinical 
outcomes of antibiotic therapy used to treat them.

MATERIALS AND METHODS

Reports from clinical trials, observational studies or 
individual cases including case reports and case series on 
patients of any age and gender presenting with systemic 
inflammatory response syndrome (SIRS) due to E. ramosum 
isolated from body fluids or tissues in which it is not normally 
present and identified by one or more of the following 
diagnostic methods: conventional techniques such as colony 
morphology, standardized biochemical reactions, gas-liquid 

chromatography, commercial anaerobe kits, among others, 
as well as more sophisticated and accurate methods, such 
as Matrix-assisted laser desorption ionization-time-of-flight 
mass spectrometry (MALDI-TOF MS) and species-specific 
polymerase chain reaction (PCR) for E. ramosum19, were 
accepted for inclusion in this systematic review. Most 
importantly, only reports identifying E.  ramosum as the 
only microorganism isolated from a patient with SIRS were 
included. On the other hand, reports published on the cases 
of E.  ramosum infections mentioned in review articles, 
cases of E. ramosum infections in non-human species and 
cases with incomplete data were excluded from this review. 

The strategy of finding relevant published articles 
was focused on the search of the following electronic 
database: Medline (PubMed), Scopus, Ebsco database 
(Discovery Service), Google Scholar, Cochrane database 
of published clinical trials – Central (Wiley Online 
Library), ClinicalTrials gov (U.S. National Library of 
Medicine), and SCIndex (Serbian Citation Index). The 
search of these electronic databases covered the last 
50 years (from 1970 to May 5, 2020). Six authors (SS, 
MM, JM, MK, RZZ, and MS) performed the search 
independently. The researcher MM developed the 
most comprehensive search of the Medline database: 
(((“bacillus”[MeSH Terms] OR “bacillus”[All Fields]) 
AND ramosum[All Fields]) OR (Ramibacterium[All Fields] 
AND ramosum[All Fields]) OR ((“clostridium”[MeSH 
Terms] OR “clostridium”[All Fields]) AND ramosum[All 
Fields]) OR (Erysipelatoclostridium[All Fields] AND 
ramosum[All Fields])) AND ((invasive[All Fields] AND 
(“infection”[MeSH Terms] OR “infection”[All Fields] OR 
“infections”[All Fields])) OR (“bacteraemia”[All Fields] OR 
“bacteremia”[MeSH Terms] OR “bacteremia”[All Fields]) 
OR (“arthritis, infectious”[MeSH Terms] OR (“arthritis”[All 
Fields] AND “infectious”[All Fields]) OR “infectious 
arthritis”[All Fields] OR (“septic”[All Fields] AND 
“arthritis”[All Fields]) OR “septic arthritis”[All Fields]) OR 
(septic[All Fields] AND (“pseudarthrosis”[MeSH Terms] 
OR “pseudarthrosis”[All Fields] OR “pseudoarthrosis”[All 
Fields]))  OR (“peri toni t is”[MeSH Terms] OR 
“peritonitis”[All Fields]) OR ((“cerebellum”[MeSH Terms] 
OR “cerebellum”[All Fields] OR “cerebellar”[All Fields]) 
AND (“abscess”[MeSH Terms] OR “abscess”[All Fields])) 
OR (“brain abscess”[MeSH Terms] OR (“brain”[All Fields] 
AND “abscess”[All Fields]) OR “brain abscess”[All Fields]) 
OR (“lung abscess”[MeSH Terms] OR (“lung”[All Fields] 
AND “abscess”[All Fields]) OR “lung abscess”[All Fields]) 
OR (“gas gangrene”[MeSH Terms] OR (“gas”[All Fields] 
AND “gangrene”[All Fields]) OR “gas gangrene”[All 
Fields]) OR (“fournier gangrene”[MeSH Terms] OR 
(“fournier”[All Fields] AND “gangrene”[All Fields]) OR 
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“fournier gangrene”[All Fields] OR (“fournier’s”[All 
Fields] AND “gangrene”[All Fields]) OR “fournier’s 
gangrene”[All Fields]) OR (“discitis”[MeSH Terms] OR 
“discitis”[All Fields] OR “spondylodiscitis”[All Fields]) 
OR (“anaemia”[All Fields] OR “anemia”[MeSH Terms] OR 
“anemia”[All Fields]) OR (“osteomyelitis”[MeSH Terms] 
OR “osteomyelitis”[All Fields]) OR (“sepsis”[MeSH 
Terms] OR “sepsis”[All Fields]) OR (“enterocolitis, 
pseudomembranous”[MeSH Terms] OR (“enterocolitis”[All 
Fields] AND “pseudomembranous”[All Fields]) OR 
“pseudomembranous enterocolitis”[All Fields] OR 
(“pseudomembranous”[All Fields] AND “colitis”[All 
Fields]) OR “pseudomembranous colitis”[All Fields])). No 
restrictions were made regarding the format, language or 
date of publication. The “snowball” method was also used 
to search for additional similar articles using references and 
key words of the retrieved papers.

Initially, the eligibility of retrieved studies was screened 
based on titles and abstracts, by six authors (SS, MM, JM, 
MK, RZZ, and MS) independently. In cases in which it was 
not possible to assess whether the study fully corresponded 
to the research topic on the basis of abstracts and titles, the 
full-length article was retrieved and analyzed. Articles were 
included in the review if all authors (SS, MM, SJ, JM, MK, 
RZZ and MS) agreed that eligibility criteria were met. If 
the reviewers had different opinions on the suitability of the 
study for inclusion, the matter was resolved by the senior 
author (SJ). 

The data extracted from the included papers were 
entered in Excel table and assessed for: (1) Publication 
ID, (2) Report ID, (3) Review author initials, (4) Citation 
and contact details, (5) Eligibility for review, (6) Study 
design, (7) Total study duration, (8) Risk of bias, if 
applicable (randomization if any, sequence generation, 
allocation sequence concealment, blinding, unequal 
loss of participants from a study, and other concerns 
about bias), (9)  Total number of patients, (10)  Age 
of patients, (11)  Gender of patients, (12) Setting, 
(13) Country, (14) Presence of comorbidities or underlying 
immunocompromising acute or chronic conditions, such 
as prior antibiotic use and/or surgery or traumatic injury 
and/or diabetes mellitus and/or cancer and/or renal or liver 
failure, among others, (15) Site of isolation of the bacterium 
(body fluid or tissue), (16) Sampling method, (17) Method 
of E. ramosum identification (biochemical methods and/
or MALDI TOF and/or 16S RNA sequencing or other 
routine microbiological techniques for detecting specific 
anaerobes, if used), (18) Maximal level of C-reactive 
protein (CRP) during the infection, (19) Maximal level of 
procalcitonin in serum during the infection, (20) Maximal 
white cells count (WBC) during the infection [*leucopenia, 

as a potential marker of SIRS was also recorded (if it 
had been reported)], (21) Presence of clinical signs of 
systemic infection (related to body temperature, heart 
rate, blood pressure and respiratory rate), (22) Additional 
morphological, radiography and/or endoscopic diagnostic 
methods which confirmed the invasiveness of infection 
(findings of radiographic imaging procedures such as X-ray 
or ultrasound scans or computerized tomography scans or 
magnetic resonance imaging examinations), (23) Altered 
specific hematological and biochemical laboratory 
parameters that suggested infections of organs/tissues, 
(24)  Confirmed postoperative infection, (25)  Antibiotic 
regimen used, (26) Cure rate and mortality after antibiotic 
treatment, (27) Adverse events rate, and (28) In  vitro 
susceptibility of E. ramosum to antibiotics. The data were 
extracted by three investigators independently (MM, MK, 
and RZZ) and then the comparison of the three tables 
was made by another two investigators (SS and SJ), who 
produced the final extraction table.

Four researchers (SS, MM, JM and MS) assessed the 
risk of bias independently for each selected study separately 
(in accordance with their methodological approaches), 
while analyzing the following relevant potential sources: 
attrition bias, selection bias, information bias, and outcome 
(selective) reporting bias. The final assessment was provided 
by a senior investigator (SJ). The outcome reporting bias 
was assessed by determining the proportion of reported 
target results. In addition, the included studies were 
arranged according to their geographical distribution, and 
then the uniformity of the tabulation was estimated.

Then, relevant outcomes were measured in this 
systematic review: total study duration, age of patients, 
total number of patients, and maximal serum level of CRP, 
maximal serum level of procalcitonin and maximal WBC 
count during the infection as continuous outcomes, while 
the gender of patients, presence of comorbidities, methods 
of E.  ramosum identification, morphological diagnosis 
confirming the invasiveness of infection, altered specific 
hematological and biochemical laboratory parameters 
that suggested infections of organs/tissues, confirmed 
postoperative infection, type of invasive infections caused 
by E. ramosum, type and dose regimen of antibiotics used to 
treat E. ramosum infection, outcomes of antibiotic treatment 
(cure rate and mortality), adverse events rate, and sensitivity/
resistance rate of E. ramosum to antibiotics, were chosen 
as categorical outcomes. Individual participants from the 
included studies were identified to be a unit of analysis. 
Prior to this analysis, outcomes based on observation data 
were ascertained only once.

The problem of addressing the missing data included 
the following: (i) the authors of the original paper were 
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directly requested to provide it; (ii) a reference to the 
results of retrieved papers if disclosed on ClinicalTrial.
gov; and (iii) the Discussion section commented on the 
impact of the missing data on the final results of this review. 
The assessment of the presence of heterogeneity was not 
applicable to this type of systematic review.

Standard methods of descriptive statistics were used 
to describe and summarize the results on a small sample: 
median and interquartile range (IQR) for continuous 
variables; number and percentage for categorical variables. 

RESULTS

Literature search results are summarized in Figure 1. 
The final analysis covered a total of 15 studies that met the 
inclusion criteria. Among them, there were 11 case reports 
and 4 case series that reported a total of 19 individual 
cases. The median age of the subjects with reported 
invasive infection caused by E.  ramosum was 66 (IQR 
26, 74), with the oldest being 91 years old, while the two 
youngest were 3 years and 6 months old, respectively. A 
little more than half of the cases were males (11/19 or 
57.9%). Various types of cancers were the most commonly 
reported comorbidities/immunocompromising conditions 
(4/19 or 21%), followed by chronic renal failure treated 

under dialysis (2/19 or 10.5%), diabetes mellitus (2/19 
or 10.5%) and infected deep-pressure ulcers (2/19 or 
10.5%); other morbid conditions were reported sporadically 
(Table 1). Two children (10.5% of the total number of cases) 
with otitis media were identified as being predisposed to 
E. ramosum invasive infections, of whom the older child 
(5 years old) presented with a chronic suppurative form, 
a cerebellar abscess that was an intracranial complication 
(Table 1). E. ramosum as the causative etiological agent 
in postoperative infections was reported in three patients 
(15.8%) (Table 1). Figure 2 depicts the geographical 
distribution of cases involved in this systematic review. 
Most reported cases were from the USA (6/19 or 31.6%), 
followed by Spain (3/19 or 15.8%), Switzerland (2/19 or 
10.5%), France (2/19 or 0.5%) and Korea (2/19 or 10.5%). 
Japan, India, Saudi Arabia and Turkey reported only 
one case each (5.3%). All patients involved were treated 
exclusively in hospitals. A case series lasting 17 years4 
was the longest study included in the analysis. In addition 
to an overview of individual cases, Table 1 also shows an 
assessment of the risk of bias for each included study. 

Blood culture was the most commonly used test used to 
detect E. ramosum (10/19 or 52.6%) (Table 1). E. ramosum 
as the cause of infection was most often initially identified 
exclusively by biochemical methods (7/19 or 36.8%), while 

Figure 1 - Selection of studies.
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additional confirmation using 16S rRNA gene sequencing 
was carried out in three cases (15.8%) cases. Combination 
of these two methods with MALDI-TOF mass spectrometry 
(i.E. a triple diagnostic method) was used in three (15.8%) 
cases. The 16S rRNA sequencing, as the only method for the 
identification of E. ramosum, was performed in two patients 
(10.5%), as was the use of gas-liquid chromatography alone 
(2/19 or 10.5%). Finally, in two cases (10.5%), the method 
of bacterial identification was not specified.

Thirteen patients (68.4%) had signs and symptoms of 
systemic infection, with fever being the most common 
symptom (12/19 or 63.2%). None of the potential indicators 
of systemic inflammatory response to infection, such 
as fever, tachycardia, tachypnea and hypotension, were 
reported in six patients (31.6%) included in our study. The 
level of CRP during infection was measured in only four 
cases, with the following maximal findings: 51, 166, 278.31 
and 31.4 mg/L (median 108.5, IQR 36.3, 250.2). In addition, 
in five cases, the maximum WBC count at any time during 
infection was reported, with the following measured values: 
11.1 × 109/L, 11.6 × 109/L, 12.0 × 109/L, 12.5 × 109/L and 
16.9  ×  109/L (median 12.0  ×  109/L, IQR 11.4  ×  109/L, 
14.7 × 109/L). The maximum level of procalcitonin was not 
reported in any of the patients included in our study. The 
additional morphological, radiographic and/or endoscopic 
diagnostic procedures were performed in more than a half 
of the cases (11/19 or 57.9%), and the following diagnoses 
were confirmed: septic arthritis and osteomyelitis in two 
cases each (10.5%), while pseudomembranous colitis, 
spondylodiscitis, pyomyoma, endocarditis, cerebellar 
abscess, infection of intracranial hydatid cyst and infection 
of thoracic aortic aneurysm in one case each (5.3%). 
Altered laboratory findings indicating a specific organ/

tissue infection were reported in two cases: a patient under 
peritoneal dialysis and presenting with peritonitis with more 
than 7,000/ mm3 WBC (with predominance of neutrophils) 
measured in the dialysate, and in patient with septic arthritis, 
95,000/ mm3 WBC (94% of neutrophils) measured in the 
joint fluid. Altogether, E. ramosum was most often found 
to be a causative agent of bloodstream infections (6/19 or 
31.6%) (Table 1). 

Antimicrobial susceptibility testing of E. ramosum was 
performed in eight patients (42.1%), and the summarized 
susceptibility pattern of these isolates is depicted in Figure 3. 
Almost two thirds of all isolates (5/8 or 62.5%),or isolates 
collected from five of the total number of 19 included 
cases, were tested for susceptibility to metronidazole 
and penicillin, and the sensitivity of E.  ramosum to 
metronidazole was confirmed in all five cases (susceptibility 
of 100%), while in one patient this bacterium was resistant 
to penicillin (susceptibility of 80%). In the studies in which 
more than two isolates were reported to have being tested 
for the susceptibility to specific antibiotics, they were all 
susceptible to amoxicillin/clavulanate (4/12 or 33.3%) and 
piperacillin/tazobactam (3/12 or 25%). Finally, in addition 
to penicillin, individual cases of E. ramosum resistant to 
clindamycin, ciprofloxacin, imipenem and ertapenem were 
also reported.

Treatment of E.  ramosum invasive infections in a 
majority of the patients (12/19 or 63.2%) comprised more 
than one antimicrobial drug, while mono antibiotic therapy 
was used in seven cases (36.8%). Metronidazole was the 
most commonly used antibiotic (7/19 or 36.8%), followed 
by meropenem (5/19 or 26.3%), and amoxicillin (4/19 
or 21%) (Figure 4). In most patients (12/19 or 63.2%) a 
relevant clinical improvement was reported after antibiotic 

Figure 2 - Geographical distribution of Erysipelatoclostridium ramosum studies. Countries in which E. ramosum was isolated are 
shaded in gray. Source: Wikipedia Commons30.
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Figure 4 - Antibiotics used for treatment of E. ramosum infections.

therapy, while four patients (21%) experienced a complete 
recovery. A fatal outcome was reported in one patient 
with bacteremia, and in one patient with osteomyelitis 
that underwent amputation due to the antibiotictherapy 

failurE. Finally, the antibiotic therapy effectiveness was not 
completely clear in one patient with peritonitis. Adverse 
effects of the applied antibiotics were reported only for 
clindamycin, which was discontinued in a patient with 

Figure 3 - Susceptibility of E. ramosum to antibiotics.
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pseudoarthritis after eight months of continuous therapy 
due to the occurrence of serious gastrointestinal side effects. 
The antibiotic treatment used in individual patients is shown 
in Table 1.

DISCUSSION

This systematic review confirmed the clinical relevance 
of E. ramosum as a cause of various severe infections mainly 
in immunocompromised inpatients. These opportunistic 
infections, of which bloodstream infections were the most 
commonly reported, affected both, children and adults, with 
a predilection for elderly patients. The most common chronic 
underlying diseases associated with immunodeficiency were 
different types of cancer, diabetes mellitus and end-stage 
renal disease treated under hemodialysis and/or peritoneal 
dialysis, similarly to the emergence of infections by other 
anaerobic pathogens6. E. ramosum was most often isolated 
from blood culture and identified by specific biochemical 
tests, in a little more than 50% of the total number of patients 
and almost 40% of all cases, respectively. In one-sixth 
of all cases, novel sophisticated molecular techniques, 
such as MALDI-TOF mass spectrometry and 16S rRNA 
gene sequencing, were used to confirm the identification 
of isolated E.  ramosum. This bacterial species was also 
recovered from different infection sites, depending on the 
infected tissuE. Serious infections caused by E. ramosum 
were in most cases effectively treated with antibiotics, 
except in two patients, one of whom died. More than one 
isolate of E. ramosum exhibited 100% of susceptibility to 
metronidazole, amoxicillin/clavulanate and piperacillin/
tazobactam, constrasting with individual strains of this 
bacterium resistant to penicillin, ciprofloxacin, clindamycin, 
imipenem and ertapenem that were also reported. Along 
with metronidazole, meropenem was the most commonly 
used highly effective antibiotic, which was given as part of 
initial empirical antibiotic therapy.

Being a normal resident of the human intestinal flora, 
E.  ramosum plays only in rare occasions a pathogenic 
role, leading to invasive infections most commonly in 
older adults with any type or degree of compromised 
immune system. Our review included reports of various 
of these infections that could be reliably associated with 
immunosuppressive conditions, such as: (i) septicemia in 
patients with hematological cancers20 or colon carcinoma21 
or in a frail elderly, a bedridden patient presenting with 
multiple severely infected pressure ulcers21; (ii) septicemia 
and osteomyelitis22 or infected thoracic aortic aneurysm18 
in patients with diabetes mellitus; (iii) septic arthritis in 
a patient with rheumatoid arthritis after prosthetic joint 
replacement or in a case of chronic renal failure under 

hemodialysis7; (iv) peritonitis followed by sepsis in patient 
with hepatorenal syndrome under hemo- and peritoneal 
dialysis17 and septic pseudoarthrosis in a case of Ewing’s 
sarcoma8. Interestingly, similar to the best known and 
more important human opportunistic pathogen from the 
Clostridia class, i.E. Clostridium difficile23, E. ramosum was 
also found to be a causative agent of pseudomembranous 
colitis and bacteremia, in an advanced aged patient after a 
previous use of wide spectrum antibiotics (fluoroquinolones 
and beta-lactams)15. In addition, E.  ramosum caused an 
acute middle ear infection4 leading to an intracranial 
abscess as a complication of a suppurative chronic otitis 
media10 in a young child. As mentioned earlier, these two 
target populations of patients have long been recognized in 
terms of susceptibility to E. ramosum infections4,5. A high 
risk for E.  ramosum infection is likely to be associated 
with underdevelopment and dysfunction of the intestinal 
mucosal barrier in young children and immunodeficient 
adults/elderly patients, that enable the unique virulence 
factors (IgA proteases) of this commensal anaerobic 
bacterium to help invading the host and cause infection at 
various locations, scaping the host’s defense5. However, 
rare reports described E.  ramosum as the causal agent 
of invasive infections in apparently immunocompetent 
individuals with complicated benign disorders or with 
indwelling medical devices due to sepsis after bowel 
perforation, unknown benign gastrointestinal disease in a 
preschool child4, postpartum pyomyoma24, spondylodiscitis 
in an older patient with benign prostatic hyperplasia14, 
secondary infection in a hydatid cyst located in the brain 
of a 7-year old child previously subjected to an invasive 
diagnosis and therapeutic procedures due to pleural 
empyema25, endocarditis in an elderly patient with previous 
bioprosthetic aortic valve replacement26, and osteomyelitis 
after traumatic injury (open long bone fracture)9. The latter 
calls attention to the potential ubiquitous nature of the 
E. ramosum spores, which, like other Clostridium species, 
have probably originated from the soil and entered the body 
through an open traumatic wound9.

E. ramosum, together with Clostridium innoculum and 
Clostridium clostridioforme, belongs to a unique RIC group 
of clostridia (abbreviation is derived from the initial letters 
of the names of the bacteria; R- ramosum, I- innoculum, 
C- clostridioforme), that are often misidentified or are not 
observed in clinical isolates by routine microbiological 
methods due to difficulties in distinguishing them from 
other anaerobic bacteria. The reason for is the inconsistent 
Gram staining pattern (usually negative at first), the typical 
formation of terminal spores that may be absent or difficult 
to identify, as well as atypical colony morphology6,22,27. 
These factors probably explain the belief that infections 
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caused by E. ramosum, based on its correct identification 
as the only pathogen present in positive cultures, are 
underestimated in routine clinical practicE.  According 
to the ability of E.  ramosum to produce acetic acid and 
ferment certain mono- and disaccharides as well as sugar 
alcohols5, in most cases covered by our review, this 
bacterium was identified by using conventional biochemical 
techniques, such as API test systems (BioMérieux SA, 
Marcy-l’Étoile, France). Although these phenotype-based 
tests are not entirely perfect in identifying E. ramosum in 
relation to other anaerobes27, this review generally indicates 
their good reliability. However, the non-selectivity of this 
identification kit was reported to be related to different 
biochemical reactions used and their inability to differentiate 
E.  ramosum from Actinomyces israelii with certainty; in 
this case, 16S rRNA gene sequencing was used as the gold 
standard for confirming that it was a E. ramosum isolate14. 
MALDI-TOF mass spectrometry was also used in some 
cases8,21 as a revolutionary, more attractive and accurate 
method for identifying bacteria based on their protein profile, 
but definitive confirmation of E. ramosum appears to require 
further use of bacterial genome analyzes8. As there is no 
routine laboratory identification of this bacterium, current 
state-of-the-art method, such as 16S rRNA gene sequencing, 
should be used whenever possible, either in combination or as 
the only diagnostic method to confirm E. ramosum isolates, 
especially in culture-negative infections.

As mentioned earlier, although antibiotics exhibiting 
bactericidal activity to E. ramosum are generally effective, 
either in monotherapy or in combination regimen, the 
recommended treatment for infections caused by this 
specific clostridium species has not yet been defined. 
Our review confirmed good in vitro susceptibility of 
E.  ramosum mainly to metronidazole and two broad-
spectrum beta-lactams plus beta-lactamase inhibitors 
(i.E. amoxicillin/clavulanate and piperacillin/tazobactam, 
respectively). In addition, another broad-spectrum beta-
lactam (carbapenem) antibiotic, meropenem, showed high 
efficacy after frequent use, mostly without prior in vitro 
activity testing. This is not surprising since these drugs 
have long been recognized as the antimicrobial agents of 
choice or alternative antibiotics for the treatment of various 
anaerobic infections, including those caused by clostridial 
species28. Favorable pharmacokinetic characteristics, 
especially wide distribution in almost all tissues, probably 
contribute to their efficacy in the treatment of the reported 
E. ramosum infections in different sites7,10,14,15,18,20,21,24,25. 
Other potentially effective treatment options, depending on 
the type and severity of the infection, include ampicillin/
sulbactam, imipenem, glycopeptides (vancomycin or 
teicoplanin) and chloramphenicol.

Previous studies showed that E.  ramosum strains 
producing beta-lactamases exhibited resistance to 
penicillin in 20% of cases27-29, so this antibiotic could 
not be recommended for the treatment of infections 
caused by E.  ramosum due to the potential therapeutic 
failurE. Similarly, the use of clindamycin or cephalosporins 
should also be avoided, because E. ramosum often shows 
variable susceptibility to these antibiotics, as other 
clostridial species do27,28. Besides, the use of clindamycin 
in the treatment of severe invasive infections should not 
be practiced due to possible serious gastrointestinal side 
effects8. As mentioned previously, the antibiotic resistance 
in E. ramosum strains is not widespread. This anaerobic 
bacillus showed a high level resistance only to rifampin, 
aminoglycosides, fluoroquinolones and tetracyclines5,14. 
However, certain tetracyclines, especially broad-spectrum 
minocycline18 or tigecycline21, might be possible treatment 
options for E.  ramosum infections, when its in vitro 
susceptibility has been previously documented. Failure of 
antibiotic therapy despite the use of multiple antibiotics 
with proven in vitro activity on E.  ramosum that can 
result in death or other serious complications is likely to 
be associated with uncontrolled progression of a severe 
underlying disease or with massive bacterial invasion 
associated with an extremely weak immune response of the 
host, as occurred in patients covered by this review9,17,20. 
In addition, E.  ramosum is often being isolated as a 
component of polymicrobial-mediated infections4,5,11-13 
that are particularly difficult to treat and have unpredictable 
clinical outcomes.

This systematic review has the following shortcomings: 
(i) a relatively small number of reported cases with invasive 
infections caused by E. ramosum that was analyzed; (ii) 16S 
rRNA gene sequencing as the most accurate method for 
confirming E. ramosum in different isolates was used in 
only a few patients, implying a controversial reliability in 
terms of correct identification of this anaerobic bacterium; 
and (iii) in several analyzed reports, relevant information on 
the susceptibility of E. ramosum to antibiotics, as well as the 
description of all outcomes of the treatment of infections, 
were either missing or incomplete

In conclusion, E. ramosum rarely plays a pathogenic 
role in causing serious invasive infections of various tissues 
in predisposed patients of any age, predominantly in those 
with significant level of immunosuppression. The 16S 
rRNA gene sequencing should be used independently of 
other phenotype-based methods and whenever possible, 
to accurately identify this bacterium. Metronidazole, a 
broad-spectrum beta-lactam with a beta-lactamase inhibitor 
and meropenem appear to be the antibiotics of choice that 
should be used in combination or as a monotherapy to treat 
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E. ramosum infections. Other antimicrobial agents, such 
as imipenem, glycopeptide antibiotics, chloramphenicol 
and tigecycline should only be used based on their in vitro 
activity findings.
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