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Abstract INTRODUCTION: Since the second half of the 20th century, an association between
the occurrence of Clostridium septicum and Streptococcus gallolyticus infections
in patients with colorectal cancer has been described in specialist literature.
Infections are manifested by bacteremia, septic embolism, cellulitis, myonecrosis,

and gas gangrene of the limbs.

MATERIAL AND METHODS: The authors present a case of a rare association
between lower limb gangrene caused by the septic embolization of a Clostridium
septicum infection and malignancy of colon ascendens in a polymorbid patient.
Gangrene of the lower limb led to septic shock requiring acute amputation
treatment. After managing the acute condition, the patient was operated on for

a malignant colon tumour.

DISCUSSION: The process of carcinogenesis often takes years and is almost
asymptomatic. The occurrence of S. bovis/S. equinus (SBSEC) and C. septicum
bacteremia, respectively, is relatively rare, but their presence is often associated
with the occurrence of malignancy, most often of the lower gastrointestinal
tract. This paraneoplastic symptom may be the first manifestation of a malig-
nant disease. The effect of exotoxins can lead to sepsis or even septic shock with

a mortality of 48-56%..

CONCLUSION: Clostridium septicum and Streptococcus gallolyticus infections
are rare in clinical practice. However, their presence can be a first paraneoplastic
symptom, and therefore the doctor should look for a possible oncological disease
when they are detected. The main diagnostic methods include colonoscopy and

imaging, especially CT scan.
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INTRODUCTION

Colorectal cancer is one of the three most common
cancers worldwide, and accurate diagnosis and
successful treatment should be a priority for any
healthcare system. Genetic and environmental factors
play a role in the etiology, and the influence of the
intestinal microbiome is currently being demon-
strated (Torre et al. 2015; Kwong et al. 2018). The
association between intestinal microbioma disorder
and increased colorectal cancer (CRC) has long
been pointed out (Sobhani et al. 2011). Bacteria can
play a significant role in carcinogenesis with the
gradual development of CRC. Significant associations
between CRC and bloodstream infections caused by
Streptococcus gallolyticus, Clostridium septicum,
Bacteroides fragilis, Fusobacterium nucleatum,
Peptostreptococcus species and some other bacteria
are known (Jans et al. 2015).

The proinflammatory effects of bacteria are applied
to the pathomechanism of tumour formation by modu-
lating the E-cadherin and b-catenin signaling pathways
that activate downstream proinflammatory responses.
Streptococcus bovis activates interleukin 8 (IL-8)
to form hyper-proliferative and aberrant colonic crypt
formation in a mouse model. In addition to the oncoge-
netic potential of bacteria, bacteremia is also observed
as a result of the passage of viable bacteria through
the destroyed intestinal wall caused by the tumorous
process. The subsequent spread of bacteria can cause
infection in any part of the body, including septic limb
embolization (Biarc et al. 2004).

CASE REPORT

The 86-year-old polymorbid patient (ischemic
heart disease, arterial hypertension, condition after
right breast ablation for Paget's disease) was acutely
admitted to the Department of Infectious Diseases
at Martin University Hospital for a septic condition.
At the initial examination, she reported problems with
the left lower limb that had lasted for about 24 hours
- a gradual swelling of the foot with increasing pain.
On the skin of the affected limb, color changes were
visible with a transition to purple. There were superfi-
cial erosions on the ankle and dorsum of the foot, and
there was a phlegmon with edema in the hallux area
(Fig. 1).

Massive leukocytosis (76.5x10%/1), moderate anemia
(96 g/1) and severe thrombocytopenia (42x10°/1) were
present in the blood count. The value of C-reactive
protein (CRP) was 168 mg/l and presepsin 391 ng/l.
The patient had mineral imbalance with hypona-
tremia (132 mmol/l) and hypokalemia (2.5 mmol/I).
Coagulation disorder was also found (INR 1.6). The
SOFA score reached 6 points and the APACHE II score
was 15 points. The RT-PCR assay for COVID-19 was
negative.

Initial therapy included parenteral rehydration and
empirical antibiotic therapy (Ampicillin + Sulbactam,
Clindamycin, Metronidazole). CT angiography of the
lower extremities did not show hemodynamically
significant stenoses of the arterial system. Tissue edema
and gas bubbles around the head of the first metatarsus
were present on the left foot (Fig. 2). The plantar artery
did not appear on the affected limb. The patient was
examined by a vascular surgeon who presupposed
peripheral embolization with a septic embolus with the
subsequent development of a septic condition.

The next day, the local finding on the left lower
limb worsened; the movement of the foot was minimal,
and the sensitivity in the acral part of the limb disap-
peared. An elevation of inflammatory parameters
occurred in the laboratory tests (leukocytes 84.3x10%/1;
CRP 295 mg/l; procalcitonin 48.1 pg/l). The septic
condition progressed to septic shock with the need
to support the circulation of norepinephrine. In addi-
tion, the SOFA score reached 9 points and APACHE II
remained at 15 points. The patient was examined by
a surgeon who indicated an urgent amputation of the
foot in the Lisfranc joint. The amputation wound was
left open, without sutures. The patient was hospitalized
postoperatively at the surgical ICU.

On the first postoperative day after amputation,
epidermolysis, edema and phlegmon of the limb
above the knee developed. High inflammatory activity
persisted in the laboratory tests. The surgeon therefore
indicated a high amputation at thigh level. The wound
was primarily sutured. Already a few hours after ream-
putation, the clinical condition of the patient with
circulatory stabilization improved significantly without
the need for norepinephrine. Inflammatory parameters
were falling sharply. The amputation wound healed in
primary intention.

Microbiological examination of the swab from the
amputation wound as well as from the blood culture
confirmed the presence of Clostridium septicum,
which was sensitive to the administered antibiotics.

In addition to the underlying disease, the original
CT scan revealed a thickening of the colon wall or
a tumour of unknown origin in the ascending colon
with regional lymphadenopathy (Fig. 3). After stabili-
zation of the patient, a colonoscopic examination was
completed, which revealed a tumour in the suspected
area. Histological examination confirmed conventional
adenocarcinoma, which had been clinically asymptom-
atic until then. The first manifestation of colon cancer
was the paraneoplastic gangrene of the left leg caused
by the bacterium Clostridium septicum.

After a temporary hospitalization at the internal
medicine clinic, the patient was admitted to the surgical
clinic once again and laparoscopic right hemicolec-
tomy with complete mesocolic excision was performed.
The operation and postoperative courses were without
complications and the patient was discharged on the
6th postoperative day.
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Fig. 1. Clinical finding of the left foot

DISCUSSION

Historically, the first association between bacterial
infection (endocarditis) and colorectal cancer began
to be mentioned in the 1950s. Further findings gradually
came during the following decades, when cases of bacte-
rial endocarditis, soft tissue or limbs gas gangrene were
described in patients with clinically unknown malig-
nancy. These were patients with colorectal cancer, colon
polyps, breast cancer or acute myeloblastic leukemia
(Roses et al. 1974; Katlic et al. 1981; Satz et al. 1988).
These bacteria with the mentioned association include
in particular Clostridium septicum, Streptococcus
gallolyticus subsp. gallolyticus, Clostridium perfrin-
gens, Fusobacterium nucleatum or Bacteroides fragillis
(Kwong et al. 2018).

Prokaryote C. septicum was first isolated and
described in 1877 thanks to the work of L. Pasteur and
J. Joubert. Like C. perfringens, C. septicum are anaer-
obic, gram-positive and sporulating organisms (Shah
et al. 2016). Clostridia are generally part of the normal
intestinal flora of humans and we know more than
100 different strains of these bacteria; their importance
in clinical practice varies considerably. They are most
often associated with the term gas gangrene or myone-
crosis. It is a life-threatening and rapidly progressing
disease affecting the soft tissues of the limbs or other
parts of the body. Its occurrence is often related
to trauma and postoperative conditions; its severity is
exacerbated by diabetes mellitus, immunosuppression,
chronic renal failure and peripheral circulatory disor-
ders. In 16% of cases, the infection occurs spontane-
ously - without an apparent external influence, and then
C. septicum significantly predominates as the causative
agent (Stevens & Bryant 2002; Perry & Floyd 2004;
Sidhu et al. 2019). It is an opportunistic pathogen and

produces several exotoxins. The alpha toxin degrades
lecithin in cell membranes, creating hemolysis, throm-
bocytopenia and destruction of the blood supply, which
provides better conditions for bacterial growth. Other
exotoxins further contribute to myonecrosis and further
spread of the pathogen (Shah et al. 2016). In the case
of the transition to myonecrosis, mortality of up to 79 %
within 48 hours of the onset of the problem has been
reported in specialist literature (Dahmus et al. 2018).
These properties of exotoxins explain the pathological
mechanism of the origin and spread of foot gangrene in
our patient, as well as the severe thrombocytopenia in
the blood picture.

Compared to C. perfringens, which physicians may
encounter more often, C. septicum is up to 300 times
more virulent and also more resistant to the presence
of oxygen. Due to these properties, it manifests itself
much more often in healthy and adequately perfused
tissues - clinically it occurs as a spontaneous gas
gangrene (Prinssen et al. 1999). After tissue invasion,
it causes ischemia and subsequent necrosis. The infec-
tion often affects areas that are supplied with blood
by only one supply artery. The necrosis environment
further supports the anaerobic metabolism of the
pathogen, as well as the production of exotoxins. The
accompanying feature is the formation of gas, which
manifests clinically as crepitus during tissue palpation,
or the gas bubbles presented in the soft tissues clearly
visible in the CT pictures (Cullinane et al. 2017; Sidhu
et al. 2019).

The unusual link with colorectal cancer lies
in the local conditions located on the site of the
tumour growth. The malignant process damages the
surrounding intestinal mucosa, thus allowing the
bacteria to enter the submucosa. Tumour metabolism,
also in the form of anaerobic glycolysis, creates a more
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acidic and anaerobic environment that Clostridium
can make good use of. Immunity failure that can still
be highlighted by the administration of chemotherapy
in the event of the treatment of malignancy helps
Clostridium septicum to grow (Wentling et al. 2006;
Shah et al. 2016). Associated malignancies are thus
often more advanced forms of diseases that sufficiently
disturb the intestine wall and allow the translocation
of C. septicum. Interestingly, this association is present
in 57% of cases of cecal carcinoma, while in general,
cecal carcinomas develop in only 20% of all cases
of colon cancer. Cecum represents the area with the
lowest pH in the whole colon, which creates the best
conditions for the growth of C. septicum (Dahmus et al.
2018).

Fig. 2. CT scan of feet: edema and gas bubbles around
the head of the first metatarsus of the left foot (red
circle)

In extremely rare cases, C. septicum infection may
also be associated with small intestine malignancy.
The first case described in this way dates from 1985
(Redington et al. 1985); another case was published by
a team of authors in 2019. They described a 76-year-old
woman with spontaneous myonecrosis of the left lower
limb. Despite intensive therapy and surgical treatment,
the patient died 7 days after the onset of symptoms.
Before that, an exploratory laparotomy revealed an
11 cm tumour of the small intestine close to the ileo-
cecal junction. Histologically, it was an invasive adeno-
carcinoma (Saunders et al. 2019).

The association of these bacterial infections with
malignancies is not common in clinical practice,
which is also related to the generally low incidence

A

Fig. 3. Contrast-enhanced abdominal CT scan showing a tumour of the ascending colon (red circle): A) coronal projection; B) axial

projection
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Tab. 1. Incidence of malignancy in patients with C. septicum infection in available literature. (Percentages are rounded to whole numbers.)

Number of patients with malignant

Author and year of publication

Number of patients with infection tumour (%)

Alpern & Dowell 1969 28 23 (85%)
Pelfrey et al. 1984 8 7 (88%)

Bretzke et al. 1988 19 10 (53%)
Kornbluth et al. 1989 162 131 (81%)
Bodey et al. 1991 17 17 (100%)
Larson et al. 1995 32 16 (50%)
Chew et al. 2001 5 4 (80%)

Hermsen et al. 2008 231 185 (80%)
Mao etal. 2011 15 4 (27%)

Corredoira etal. 2017 44 32 (73%)

of infections caused by C. septicum. Larson et al.
(1995) in his work, in which he collected data from
1966 to 1993, described that out of 241 cases of clos-
tridial infections, only 32 could be attributed to C.
septicum. However, up to 50% of patients with
confirmed C. septicum infection had some form
of malignancy. The other patients had at least signs
of immunosuppression. Mortality among patients
with C. septicum infection reached 56%. For these
reasons, the authors recommend high caution and
efforts to diagnose the presumed oncological disease.
A slightly older study described 23 cases of malig-
nancy (including 6 colorectal cancers) out of a total
of 27 cases of C. septicum infection. Mortality reached
48%, with all cases of infection arising spontaneously
from full health. The authors hypothesize the gastro-
intestinal tract as a source of infection for patients
(Alpern & Dowell 1969). A substantially more recent
work by Mao et al. (2011) describes 15 cases of C.
septicum bacteraemia over a 4-year period. Colorectal
cancer occurred in 4 patients. In this work, the authors
recommend that diagnostic colonoscopy should be
performed in all patients with C. septicum bacte-
remia, although other symptoms of intestinal malig-
nancy may not be present. A more extensive study
dates from 1989, in which the authors processed the
available information and collected 162 cases of C.
septicum infection. Malignancy was confirmed in
81% of patients: colorectal malignancy was confirmed
in 34%, hematological malignancy affected 40%. The
text of the thesis recommends increased vigilance in
clinical practice, because in 37% of cases the malig-
nancy was occult. The authors assume that the site
of entry of the bacterium was the colonic mucosa. As
mentioned above, the authors recommend a thorough
search for possible malignancy (Kornbluth et al. 1989).

The largest sample of patients contains a study by
Hermsen et al. (2008), in which the authors described
231 cases of C. septicum infection. Malignancies

occurred in 185 patients and their overall survival rate
was 48%. Of these, 98 cases of malignancy involved
the gastrointestinal tract, 68 patients had a hematoon-
cological malignancy, and 19 patients had a different
malignancy. In the absence of malignancy, the
mortality of the infection was not statistically affected
and the incidence of diabetes mellitus did not affect
patient survival. Surgical treatment of the infection
significantly increased patient survival compared
to conservative infection management (57% vs 26%).

There is another interesting multicenter study exam-
ining the association of C. septicum and the occurrence
of CRC in the period 1988-2015. C. septicum infection
was diagnosed in 44 patients (this represented 6.6 %
of all Clostridial infections during this period). The
malignant process occurred in 32 patients, of which
CRC was present in 18 cases. Mortality within 30 days
of hospitalization reached 47.7 %. Almost all deaths
occurred in the first 48 hours (Corredoira et al. 2017).
In 2020, Yamamoto et al. (2020) published a retro-
spective study examining 64,760 blood cultures from
2004-2018. The positivity of a particular Clostridial
infection was in 40 blood samples, of which 37 patients
had malignancy. The most common pathogen in the
samples was C. perfringens, whereas C. septicum
was detected in only two samples. Table 1 shows the
incidence of malignant disease in patients with C.
septicum infection in available literature.

Treatment of the above infection consists of an
aggressive debridement of the affected tissues and
combined ATB treatment, which must be admin-
istered intravenously. Broad-spectrum penicillins
(eg piperacillin / tazobactam) in combination with
nitroimidazoles (most commonly metronidazole)
are recommended. Other possible preparations are
e.g. clindamycin, cefoxitin, ampicillin / sulbactam or
carbapenems. The duration of treatment is a matter
of debate. Usually, the need for further treatment ceases
in a hemodynamically stable patient who no longer

Neuroendocrinology Letters Vol.43 No.1 2022 « Article available online
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Tab. 2. Current SBSEC nomenclature compared to the original designation (Schlegel et al. 2003; Whiley et al. 2009)

Original designation

Biotype classification

Recommended terminology

S. alactolyticus Variable S. alactolyticus
S. bovis Biotype I. S. gallolyticus subsp. gallolyticus
Biotype II.1 S. infantarius subsp. infantarius
S. lutetiensis
Biotype I1.2 S. gallolyticus subsp. pasteurianus
S.equinus Predominantly biotype I1.2 S. equinus

S. macedonicus

Probably biotype I1.1

S. gallolyticus subsp. macedonicus

requires additional surgical debridement (Nanjappa
et al. 2015; Cullinane et al. 2017).

The pathogen, formerly known as Streptococcus
bovis due to the knowledge of molecular genetics,
belongs now, together with other bacteria, to the
S. bovis / S. equinus complex (SBSEC). This complex
represents a group of non-B-hemolytic streptococci,
often colonizing domesticated animals such as cattle or
horses. We are currently describing 7 subspecies in the
complex (Table 2), and they have gained the attention
of experts due to their role in the development of infec-
tious endocarditis, and some of its members also have
a strong association with colorectal cancer (Jans et al.
2015).

All SBSEC members are catalase negative, oxidase
negative, immobile, non-sporulating, gram-positive
prokaryotes, which usually grow in pairs or chains
consisting of individual cocci. S. gallolyticus subsp.
gallolyticus is found in the digestive tract of 2.5-15%
of the population according to older data (Schlegel
et al. 2003; Pasquereau-Kotula et al. 2018). However, its
true incidence in the population may be significantly
higher; a recent German study of 99 healthy volunteers
using real-time PCR showed the presence of bacteria
in the stool in 62.5% of the total number of volunteers
(Dumke et al. 2017).

Bacteremia and subsequent infectious endocarditis
are the two main clinical manifestations of SBSEC
infection. The bacterium is usually diagnosed from
blood cultures and is often a manifestation of endocar-
dial infection, ongoing meningitis, or occult colorectal
cancer. In particular, the presence of bacteremia in the
above-mentioned S. gallolyticus subsp. gallolyticus
has a strong correlation with the incidence of infec-
tious endocarditis. The presence of malignancy on the
colonic mucosa was present in 67% of the examined
samples of 68 patients with bacteremia of this strep-
tococcus. SBSEC infection usually affects the elderly
in the 6th decade and above (Ruoff et al. 1989). In
a multicenter study by Corredoira et al. the incidence
of colon cancer in infections with S. gallolyticus subsp.
gallolyticus was investigated. A total of 257 such infec-
tions have been diagnosed, of which 192 affected the
endocardium. The occurrence of the malignant process

was proven in 50 patients and the total 30-day mortality
rate was 9.7% (Corredoira et al. 2017).

An extensive review article by Abdulamir et al. states
that S. gallolyticus can be pro-oncogenic and helps
precancerous lesions to transition to malignancy. The
production of NF-«xB and IL-8, which promotes carci-
nogenesis and angiogenesis in the colonic mucosa, plays
an important role here. Furthermore, according to the
authors, the bacterium can directly colonize tumour
tissues, which triggers an inflammatory response that
also promotes gradual oncogenesis. It can benefit from
metabolites produced by tumour cells and consequently
significantly reduce other bacterial flora around the
tumour with its bacterial toxins. It is not the primary
trigger of oncogenesis, but serves as a factor acceler-
ating the development of cancer from pre-malignant
lesions (Abdulamir et al. 2011).

In a paper by Kwong et al. (2018), the authors point
out chronic mucositis as an important factor in the
development of colorectal cancer. S. galllolyticus anti-
gens stimulate the production of several cytokines:
tumour necrosis factor a, IL-1pB, IL-6 and IL-8. They
promote vasodilation, increase capillary permeability,
and are thought to allow better penetration into the
bloodstream and subsequent bacteremia. Theoretically,
this mechanism can be expected already during the
formation of adenomas (premalignant lesions), which
causes bacteremia at an early stage of carcinogenesis
and thus increases the chances of an early diagnosis
of the lesion. The authors describe an increased inci-
dence of colorectal cancer in patients with S. gallo-
lyticus, Bacteroides fragillis, C. septicum, C. perfringens
or Fusobacterium nucleatum. At the end of their work,
the authors recommend the thorough monitoring and
diagnosis of potential lesions in patients with bacte-
remia caused by these pathogens.

A meta-analysis by Boleij et al. states that S. gallo-
lyticus subsp. gallolyticus is the only subspecies
of S. bovis to have a strong association with colorectal
cancer. Bacterial DNA was found in 49% of tumour
samples and only 8% of healthy colonic mucosa
samples, and the antibody response was also more
pronounced in patients with colorectal malignancy.
Asymptomatic individuals with this malignancy had

62 Copyright © 2022 Neuroendocrinology Letters ISSN0172-780X « www.nel.edu
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blood cultures positive for the presence of S. gallolyticus
subsp. gallolyticus. The authors recommend the possi-
bility of using patient screening for its presence in the
future, for example using molecular genetic methods
such as PCR. Further carefully-designed studies are
also needed, which will use intensive and endoscopic
methods to evaluate the local findings of the studied
patients. The aim is to reveal the exact links between
the various stages of colorectal cancer and the incidence
of colonization / infection (Boleij et al. 2011; Paritsky
et al. 2015).

Due to the strong association of S. gallolyticus subsp.
gallolyticus and colorectal cancer, colonoscopy of the
entire intestine is recommended in patients who have
been infected with this bacterium. In future research,
it will be useful to examine the relationship between this
pathogen and the host's immune system (Pasquereau-
Kotula et al. 2018).

CONCLUSION

Recent findings indicate that not only the environ-
ment and genetics but also the gut microbiome play an
important role in the pathogenesis of the colon lesion.
The process of carcinogenesis often takes years and is
almost asymptomatic. The occurrence of SBSEC and
C. septicum bacteremia, respectively, is relatively rare,
but their presence is often associated with the occur-
rence of malignancy, most often in the lower digestive
tract. When they are detected, the doctor should look
for a possible oncological disease. The main diagnostic
methods include colonoscopy and imaging, especially
CT-scan.
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