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Abstract
Introduction: Infections due to Clostridium spp is most often seen in traumatic injuries, surgery, malignancy and underlying im-

munocompromised conditions. Gas gangrene, the clinical manifestation of Clostridium spp is a diffuse necrotizing infection of deep

soft tissues. The infection can develop rapidly following any trauma that compromises the blood supply and is characterized by high

mortality. Early Identification of the signs and symptoms in these patients would help in the management and reduce mortality associated with this infection. In this review we presented a series of cases with infection due to Clostridium spp after trauma.

Materials and Methods: Twelve cases of Clostridium perfringens infections were analysed from our Institute prospectively during

the period of 2012 - 2019 (duration of 8 years). The tissue samples from the cases were subjected to direct Gram stain and further
inoculated aerobically on Chromogenic agar and 5% sheep blood agar. Anaerobic inoculation was done on 5% sheep blood agar and
incubated into anaerobic pouch.

Results: The median age of the patients were 31 years. All the patients were males. The patients had sustained injury due to road
traffic accident (RTA). 5/12 patients had Grade 3 compound fracture of leg, 1/12 patient had injury extending up to thigh, 5/12 patients had crush injury of lower limb, 1/12 patient had crush injury of upper limb.

Escherichia coli was the predominant aerobic organism isolated in 7/12 of the patients. The patients were treated surgically with

below knee amputation in 10/12, below elbow amputation in 1/12, above knee amputation in 1/12 of patients. All the patients were

treated with intravenous penicillin G10 U/day. Eleven patients were discharged in stable condition with advise to follow up. The
patient with above knee amputation succumbed to the infection in spite of the treatment.

Conclusion: From this study we conclude that early clinical suspicion and microbiological diagnosis helps in the proper management

of the patients. Careful and adequate treatment along with antibiotics and all other supportive treatments should be instituted immediately will avoid further deterioration and reduce the mortality in these patients
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Introduction

S.
No

Infections due to Clostridium spp is most often seen in trau-

matic injuries, surgery, malignancy and underlying immunocom-

1

promised conditions [1]. Gas gangrene refers to a life threatening,

2

toxin mediated clinical manifestation of Clostridium spp, that leads

3

to a diffuse necrotizing infection of deep soft tissues [2]. This can

4

be divided into traumatic and spontaneous types [3]. Traumatic,

resulting from penetrating injury and inoculation of muscle tissue
with Clostridium perfringens, an anaerobic bacteria found in sewage and soil. Atraumatic or spontaneous, most often arising from

hematogenous spread of Clostridium septicum from the gastroin-

testinal (GI) tracts of neutropenic patients like leukemia, diabetes
mellitus or those with GI malignancies like carcinoma of colon or
rectum [3]. The infection can develop rapidly following any trauma
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Age group
20 - 30

30 - 40
40 - 50

50 - 60

No of patients

Percentage

5

41.6

3

25

2

16.6

2

16.6

Table 1: Distribution of age group of patients.

observed in 1/12 of the cultures. All the patients were managed

by both surgical and medical treatment. The patients were treated
surgically with below knee amputation (10/12), below elbow amputation (1/12), above knee amputation in one patient (1/12).

that hinders or limits the blood supply to the area and is character-

ized by high mortality [4,5]. Early Identification of the signs and
symptoms in these patients would help in the management and

reduce mortality associated with this infection. Empiric treatment
with effective antimicrobial agents is another crucial part of the

management of the patients with gas gangrene. In this review we

present a series of cases with infection due to Clostridium perfringens after trauma.

Materials and Methods
A total of twelve cases of Clostridium perfringens infections

were analysed prospectively during the period of 2012 - 2020 (8

Figure 1: Graph showing aerobic organisms isolated.

years) from our institute. The tissue samples from the cases were

ESBL: Extended Spectrum Beta Lactamase Producers; MDR:

agar, 5% sheep blood agar. Anaerobic inoculation was done on 5%

S. No

subjected to direct Gram stain which showed Gram positive bacilli.

The sample was further inoculated aerobically in Chromogenic
sheep blood agar and incubated into anaerobic pouch (Gen Bag,
Biomeriux).

Results

The median age of the patients were 31 years. Age of the pa-

tients ranged from 30 - 65 yrs (Table 1). All the patients were
males. The patients had sustained injury due to road traffic acci-

dent. 5/12 patients had Grade 3 compound fracture of leg, 1/12

patient had injury extending up to thigh, 5/12 patients had crush
injury of lower limb, 1/12 patient had crush injury of upper limb.

Escherichia coli was the predominant organism isolated in aer-

obic culture (Figure 1). Mixed infection of aerobic organisms was
observed in 4/12 samples (Table 2). Polymicrobial growth was

Multidrug Resistant.

1

2

3

4

Mixed pathogens

No of patients

E.coli ESBL and K. pneumoniae

1

E. faecium and E. coli ESBL

E. faecium and A. baumanii MDR
E. faecalis and E. coli ESBL

Table 2: Distribution of mixed infections.

1

1
1

The patients were also treated with intravenous penicillin 10 U/

day. 11/12 of the patients were discharged in stable condition with

advise to follow up. The patient with above knee amputation succumbed to the infection in spite of the treatment.
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Microbiological work up
The tissue sample was subjected to Grams stain, aerobic cul-

ture, anerobic culture and also inoculated into thioglycolate broth.
Grams stain showed large boxcar shaped Gram variable bacilli with

49

Identification and susceptibility testing of all the aerobic bacte-

rial pathogens was done by Vitek 2 Compact system (biomeriux) by
using ID GN and N281panels for Gram negative organisms and ID
GP and P628 panels for Gram positive organisms.

no spores and neutrophils suggestive of Clostridium perfringens.

Discussion

double zone of beta hemolysis with no swarming after incubation

1860s. Clostridium species are Gram positive, strictly anaerobic,

48 to 72h under anaerobic conditions, a zone of inhibition around

adverse environment by the production of spores. They are ubiq-

Culture on 5% sheep Blood Agar (COS, biomeriux) showed

at 370C for 48 hours (Figure 2). A 5-μg metronidazole disk (Hi-

media) was placed on the blood agar surface and incubated for
the metronidazole disk was observed which indicates the pres-

ence of anaerobic bacteria. Aerotolerance was done on 5% sheep
blood agar and the plate was incubated in carbon dioxide pouch.

Aerotolerance test showed no growth suggestive of the presence
of anaerobic bacteria. Biochemical tests Indole and Urease were
negative. Hence forth the culture was considered as C. perfringens.

French Microbiologist Louis Pasteur discovered Clostridium in

fermentative, spore-forming rods belonging to the phylum Fir-

micutes. They grow well at body temperature and can survive in
uitous in soil and appear as long thick rods with a bulge at one end
[6].

The four clinically important species are C. tetani, C. botuli-

num, C. perfringens, and C. difficile, C. septicum that are responsible
for causing diseases include tetanus, botulism, and gas gangrene

and pseudomembranous colitis They secrete powerful exotox-

ins which is the virulence factor responsible for pathogenesis of
disease [6].

Other species include C. butyricum, C. sordellii, C. bifermentans

and C. sporogenes, Clostridium spp can be differentiated based on
their cellular morphology, spores location biochemical activities,

including saccharolysis and proteolysis gas liquid chromatography
for fermentation products [6].

Gas gangrene is the infection caused by Clostridium perfringens

which is an anaerobic, gram-positive bacillus inhabiting the human

bowel and genitourinary tract [7]. It is commonly found in the gastrointestinal tract flora and a colonizer of the skin in the perirectal

region. It was first isolated and identified in 1891 by William H.
Welch from the autopsy of a 38-year-old man, where gas bubbles

were observed within infected blood vessels. The organism can
easily invade wounds that come into contact with soil [7].

Clostridial myonecrosis or gas gangrene is very rare in pediat-

ric population and is diagnosed more in adults [8]. Our study also

Figure 2: Culture on 5% sheep Blood Agar (COS, biomeriux)
showing double zone of beta hemolysis with no swarming

and a zone of inhibition around 5 ug metronidazole disc after
incubation at 370C for 48 hours.

showed the isolation of Clostridium perfringens from the adult population.

Clostridium perfringens is the most important of the species and

accounts for 20 - 40% of all isolates [6] followed by C. septicum, C.
novyi type A, C. histolyticum, and C. bifermentans [9]. In a study from
Pondicherry Clostridium spp were reported in 56% of cases [10].

The pathogen isolated in the present study was C. perfringens from

all the cases.
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Gas gangrene is an invasive, fatal anaerobic infection that is of-

a study from Mumbai, India it was found that among aerobes iso-

ries secondary to RTA. Five patients had compound fracture and

monest aerobic isolate (23.3%) in their study [22], and other stud-

ten secondary to open fractures, deep wounds, and other injuries
[4]. In the present study all the patients had fractures/crush injuseven had crush injuries.

The muscle and tissue are exposed to anaerobic bacteria like

Clostridium spp after traumatic injury. Due to low oxygen tension
[11] and adequate nutrients in the area of necrosis, the spores germinate and produce toxins like lecithinase [12-16]. The signs and

symptoms of the infection include fever, with severe pain, redness
of skin, muscle necrosis, accumulation of gas causing crepitance
with a foul smelling discharge [4,12-16]. In the present study all

the cases had exquisite pain, redness of skin, muscle necrosis clinically followed by foul smelling discharges from the wound. The
patients with injury up to the thigh had gangrene of the thigh with
crepitations.

The infection may develop hours to weeks after the initial trau-

lated from the cases of gas gangrene along with anaerobes, Gram

negative bacilli predominated (83.3%) [22]. E. coli was the com-

ies [21]. Bessman and Wagner reported 49 cases of gas gangrene
with myositis and soft tissue gas of which only one was caused by
clostridial organisms [20].

Staphylococcus aureus has been described as being the single

pathogen in two patients with rapidly progressing necrotizing fas-

ciitis of the lower extremity and in a study of necrotizing fasciitis in

eight children, Brook reported the presence of pure Streptococcus
pyogenes in two patients and a mixed predominance of Pepto strep-

tococcus spp., S. pyogenes, Bacteroides fragilis, C. perfringens, E. coli,

and Prevotella spp. in the others [17]. Methicillin Resistant Staphy-

lococcus aureus (MRSA) E. faecalis and E. faecium were the Gram
positive pathogens that were isolated from the present study.

Treatment of histotoxic C. perfringens consists of penicillin G (to

ma and inoculation. Necrotizing soft tissue infections occur with

kill the organism), hyperbaric O2, administration of antitoxin, and

leading to necrotizing fasciitis and muscle tissue causing Clostrid-

gens, aerobic as well as anaerobic, should be included. This can be

different degrees of severity and speed of progression involving

the skin causing cellulitis, subcutaneous tissue to the muscle fascia
ial myonecrosis. In the present study the disease involved muscle
tissue and effected progressively [17].

C. perfringens is associated with diverse environments includ-

ing soils, food, sewage, and as a member of the gastrointestinal
(GI) tract. Clostridium spp is mostly associated with development

of traumatic gas gangrene but also can be associated with the nontraumatic spontaneous gas gangrene in patients with immuno-

compromised condition including malignancies and diabetes mel-

litus [18]. In the recent years there has been an increase incidence

of this infection in road traffic accidents [19]. In the present study
all the patients had sustained traumatic injury due to road traffic

accidents. The probable source might be the soil containing spores

debridement of infected areas [13]. In clinical situations that involve mixed infections, coverage against the other potential pathoachieved by choosing single therapy with an antimicrobial agent

that possess wider coverage such as imipenem, meropenem, or
by additional agents that cover other organisms with cefepime, an

aminoglycoside or quinolone for Enterobacteriaceae, or a penicillinase-resistant penicillin, or Vancomycin for Staphylococcus aure-

us) [23]. Hassan., et al. and Wang., et al. [2,4] recommended defini-

tive therapy to halt clostridial exotoxin production which includes
Penicillin G plus Clindamycin. In the present study all the patients

were treated with Penicillin G10 million units intravenously (IV)

for every 4 hours and Clindamycin 600 - 900 mg IV every 8 hours
along with metronidazole.

Definitive diagnosis is made by surgical exploration of the in-

of Clostridium which would have penetrated into the skin during

volved area and demonstration of the organism in tissue. In many

Though Clostridium perfringens is recognized as the leading

present study undergone amputation and survived except one pa-

the injury. None of the cases in the study were of spontaneous type.
cause of gas gangrene, it can also be caused by non clostridial bac-

teria [20]. In addition, anaerobic streptococcal myositis also mimics gas gangrene [21]. In the present study there was no case of
Streptococcal myositis documented.

Escherichia coli (7/12) is the predominant aerobic organism in

the present study of which 5/7 were ESBL producers. Similarly, in

cases of C. perfringens induced gas gangrene, radical amputation

still remains the treatment of best choice [9]. All the patients in the
tient who succumbed.

The mortality rate is around 40 - 60% in studies from India and

other countries [24,25]. In the present case series only one patient

died. Other patients in the series survived probably due to the early
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identification of the infection and appropriate management which
is the need of the hour.

Conclusion

From this study we conclude that early clinical suspicion and

microbiological diagnosis helps in the proper management of the
Clostridial Myonecrosis patients. Careful and adequate treatment

along with antibiotics and all other supportive treatments should

be instituted immediately will avoid further deterioration and reduce the mortality in these patients.
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