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Abstract Clostridia can cause unique histotoxic syndromes
produced by specific toxins (e.g., gas gangrene and food poi-
soning) as well as non-syndromic infections (e.g., abscess,
local infections, and blood born infection). Clostridia can also
be recovered from various body sites as part of polymicrobial
aerobic–anaerobic infection. These include intra-abdominal
(peritonitis and abscess), biliary tract, female genital tract,
abscess (rectal area and oropharyngeal), pleuropulmonary,
central nervous system, and skin and soft-tissue infections.
Clostridia were recovered from children with bacteremia of
gastrointestinal origin, necrotizing enterocolitis, and sickle
cell disease. They have also been isolated in acute and chronic
otitis media, chronic sinusitis and mastoiditis, peritonsillar ab-
scesses, and neonatal conjunctivitis. Early and aggressive sur-
gical debridement, decompression, and drainage of affected
tissues are critical to successful outcome of histotoxic infec-
tions. Effective antimicrobials include penicillin, clindamycin,
chloramphenicol, third-generation cephalosporins, carbapen-
ems, and vancomycin.
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Introduction

Clostridia are gram-positive spore-forming bacilli that account
for up to 10% anaerobic infections in children [1, 2, 3••, 4•, 5].
Clostridia are part of the phylum Firmicutes and based on 16S
rDNA sequence analysis can be divided into 11 homology
groups. The majority of the clinically species are part of group
1 [6]. The most frequent Clostridia in clinical infections are
Clostridium perfringens, Clostridium septicum, Clostridium
ramosum, Clostridium novyi, Clostridium sordellii, Clostrid-
ium histolyticum , Clostridium fallax , Clostridium
bifermentans, and Clostridium innocuum.

Clostridia are members of normal human flora in the intes-
tinal tract and vagina [5], and colonize the gut of other verte-
brates and insects, and are ubiquitous in soil. The distribution
of clostridia in infections is related to their colonization pat-
terns [6].

Clinically important Clostridium species are categorized
into three groups: histotoxic species (C. perfringens,
C. ramosum, C. novyi, C. septicum, C. bifermentans, and
C. sordellii), enterotoxigenic (C. perfringens and Clostridium
difficile), and neurotoxic (Clostridium tetani and Clostridium
botulinum) [7•]. Clostridial species that cause gas gangrene
produce extracellular toxins or possess virulence factors such
as enzymes or lysis factors. Clostridia that cause gastrointes-
tinal disease produce enterotoxins.

Clostridia can cause unique histotoxic syndromes generat-
ed by their specific toxins (e.g., gas gangrene and food poi-
soning) as well as non-syndromic infections (e.g., abscess,
local infections, and blood born infection). Clostridia can also
participate in polymicrobial aerobic–anaerobic infections,
[3••, 4•, 5, 6, 7•] intra-abdominal (peritonitis, liver, and splenic
abscess) [8–11], biliary tract, female genital tract, abscess (rec-
tal area and oropharyngeal), pleuropulmonary, central nervous
system, and skin and soft tissue [3••, 4•, 7•].

This article is part of the Topical Collection on Pediatric Infectious
Diseases

* Itzhak Brook
ib6@georgetown.edu

1 Departments of Pediatrics and Medicine, Georgetown University
School of Medicine, 4431 Albemarle St. NW,
Washington, DC 20016, USA

Curr Infect Dis Rep (2015) 17: 47
DOI 10.1007/s11908-015-0503-8

http://crossmark.crossref.org/dialog/?doi=10.1007/s11908-015-0503-8&domain=pdf


Clostridia strains (C. perfringens, Clostridium butyricum,
and C. difficile) have been recovered from blood and perito-
neal cultures of necrotizing enterocolitis and from infants with
sudden death syndrome [12–14]. They were isolated from
children with bacteremia of gastrointestinal origin [15] and
sickle cell disease [16] and have been recovered in acute
[17] and chronic [18•] otitis media, chronic sinusitis and mas-
toiditis [19•, 20•], peritonsillar abscesses [21], and neonatal
conjunctivitis [22].

A survey of the isolation of Clostridium spp. illustrated the
wide spectrum of infections they cause in children. A total of
113 Clostridium spp. were recovered from 107/1543 speci-
mens (7.0 % of all specimens) obtained from 96 children
[23]. The isolates comprised 43 (38 %) Clostridium spp., 37
(33 %) C. perfringens, 13 (12 %) C. ramosum, five (4 %)
C. innocuum, six (5 %) C. botulinum, three (3 %) C. difficile,
two (2 %) C. butyricum , and one isolate each of
C. bifermentans, Clostridium clostridiiforme, Clostridium
limosum, and Clostridium paraputrificum. Most isolates were
from abscesses (38), peritonitis (26), bacteremia (10), and
chronic otitis media (7). Predisposing or underlying condi-
tions were present in 31 (32 %) cases: immunodeficiency
(12), malignancy (9), diabetes (7), trauma (7), presence of a
foreign body (6), and previous surgery (6). Theywere the only
bacterial isolates in 14 (15 %) cases; 82 (85 %) cases had
mixed infection.

Clostridium was often recovered mixed with other aerobic
and anaerobic bacteria [23]. The species most commonly iso-
lated with clostridia were anaerobic cocci (57); Bacteroides
spp. (including Bacteroides fragilis group) (50), Escherichia
coli (22), pigmented Prevotella or Porphyromonas spp. (18),
and Fusobacterium spp. (10). Most Bacteroides spp. and
E. coli isolates were from abdominal infections and skin and
soft tissue infections adjacent to the rectal area; most
pigmented prevotella and porphyromonas were from oropha-
ryngeal, pulmonary, and head and neck sites.

Predisposing Conditions

Most clostridial infections arise from an endogenous coloni-
zation site, where the normal mucocutaneous barriers are
disrupted from surgery, trauma, a perforated viscus, necrotiz-
ing enterocolitis, or chemotherapy-relatedmucositis [3••]. The
presence of devitalized tissue and low oxidation-reduction
potential facilitates clostridial growth. Contamination of
existing wounds or surgical sites can also get infected by soil
organisms, contaminated water or objects, and animal and
human feces. Clostridia are found in wounds with foreign
body and osteomyelitis of long bones, especially in associa-
tion with wound contamination after trauma by soil or gut
flora [4•, 7•].

Clinical Presentations

Histotoxic Infections

C. perfringens is the commonest isolate from gas gangrene
(Table 1) [24, 25]. Other clostridia include C. bifermentans,
C. sordellii, C. septicum, C. novyi, and C. histolyticum. The
spectrum of disease produced by C. perfringens and other
histotoxic clostridia ranges in severity from relatively benign
conditions (Welch abscess or anaerobic cellulitis), to infec-
tions associated with high mortality such as post abortion
uterine infection and clostridial myonecrosis (gas gangrene)
[26•]. The last is often polymicrobial occurring after bacter-
emic spread from the gut to traumatized soft tissue. However,
clostridial bacteremia can be associated with infections (see
above) [12–14, 27] and also be transient, without clinical con-
sequence or represent a contamination.

The predisposing factors for blood borne infection in adults
are often colorectal or hematologic malignancy, inflammatory
bowel disease, trauma to the colon or female genital tract,
injection drug abuse, and hemodialysis [4•, 7•]. Clostridial
endocarditis is uncommon [28].

Clostridium sordellii and C. septicum infection has often a
rapidly fatal course. C. septicum septicemia in children usual-
ly is associated with severe neutropenia [29], typhlitis, muco-
sitis, or necrotizing enterocolitis. Sometimes sepsis occurs
spontaneously [30]. In these instances, blood borne and soft
tissue infection progress rapidly along with gas production
[31] and survival is poor. Fatal C. septicum septicemia and
secondary brain abscess can complicate hemolytic uremic
syndrome caused by E. coli O157:H7 [32, 33], bowel ische-
mia, or trauma [34•]. C. sordellii infections can follow abor-
tion, childbirth, genital tract surgery, skin or soft tissue trauma,
or injectable drug abuse [35]. Lethal and hemorrhage toxins
are responsible for typical leukemoid reaction and high mor-
tality [36••].

Gas gangrene usually affects muscles compromised by sur-
gery, trauma, or vascular insufficiency and are contaminated
with C. perfringens spores, usually from foreign material or a
medical device [37]. Wounds can be contaminated by
C. perfringens spores from the skin, dirt, soil, and clothing
especially in the lower trunk [38].

The metabolic requirements of C. perfringens for
growth are the major factors in the establishment of
clostridial myonecrosis. Alpha-toxin (a lecithinase) elab-
oration by C. perfringens induces the severe rapidly
progressive myonecrosis [39•]. It rapidly lyses cell
membranes causing hemolysis, myofibrillar injury, and
vascular permeability. Along with the local infection,
the patient is alert, anxious, and apprehensive or apa-
thetic and has fever, tachycardia, and diaphoresis and
severe systemic manifestations. Shock and multiorgan
failure occurs in most individuals.
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Gas gangrene typically starts 1–4 days (6 h to 21 days)
following an injury [38]. Initial symptoms are sudden and
persistent pain at the injury site and is accompanying by limb
Bheaviness^. Skin rapidly turns cool, pale, and waxy because
of ischemia. This is followed by tense swelling, tenderness,
pallor, and a thin hemorrhagic exudate; pallor changes to a
bronze or magenta discoloration and hemorrhagic (purplish)
bullae emerge. Other features include free air inducing soft
tissue crepitation, an offensive sweet odor, and brownish
serosanguineous discharge.

The infected muscle is initially edematous and pale and
acquires a mottled appearance and greenish black gangrene.
Its consistency changes from pasty and mucoid to friable and
liquefied.

Initial low fever, tachycardia, myalgia, anxiety, and diapho-
resis progress rapidly to hypotension, poor perfusion, dissem-
inated intravascular coagulation, and mental status changes
[37, 38]. Left untreated leads to high fever, rigors, shock, renal
failure, metabolic acidosis, sepsis, coma, and death.

Food Poisoning

Enterotoxins producing C. perfringens (mostly heat-resistant
type A) can cause gastroenteritis due to ingestion of contam-
inated food products (mostly meat products) [40]. This occurs
after ingestion of vegetative C. perfringens present in foods
standing at room temperature [41]. Cooking temperature must
exceed 120 °C to kill all spores. Cooking at lower

temperatures does not eliminate the spores that convert to
vegetative forms causing food poisoning.

Clostridial gastroenteritis is a secretory and inflammatory
diarrhea. Detection of the enterotoxin gene cpe can identify
the causing strains. Similarly to Shigella toxin, the enterotoxin
reduces glucose absorption and water, sodium, and chloride
secretion and strips the villous epithelium.

C. perfringens food poisoning is an acute, self-limiting
(<24 h) diarrhea appearing 6 to 24 h following ingestion of
contaminated food [41]. It is characterized by painful abdom-
inal cramps watery diarrhea, without blood or mucus. Nausea,
vomiting, and fever are rare. It is similar to food poisoning
caused by Bacillus cereus or other viral-, bacterial-, and toxin-
related diarrhea [42]. Diagnosis can be made by recovering
large quantities of C. perfringens from suspect food
(>106 CFU/g) and patient’s stool. Enterotoxin can be detected
using a cytopathic toxin neutralization assay, latex agglutina-
tion, or enzyme immune assays [43].

Neonatal Necrotizing Enterocolitis

Clostridia have been implicated as pathogens in some infants
with necrotizing enterocolitis (NEC). However, their definite
role in NEC awaits further confirmation.

Pedersen and colleagues [44] cultured C. perfringens from
the peritoneal fluids of babies who died of NEC and observed
Gram-positive bacilli resembling clostridia in necrotic por-
tions of the gut in six of seven infants. Howard et al. [45]
reported an outbreak of non-fatal NEC from C. butyricum.

Table 1 Clinical presentation of histotoxic clostridial infections

Disease Comment

Localized skin/soft tissue infection Polymicrobial infection

Related to trauma or ischemia

Frequently remains localized but with extensive necrosis Perirectal abscess, decubitus ulcers

Spreading cellulitis/fasciitis Usual pathogens: Clostridium ramosum, Clostridium perfringens, Clostridium septicum;

Compartment syndromes

Mortality rate 50 %

Myonecrosis (gas gangrene) Usual pathogens: C. perfringens, C. sordellii for most cases related to trauma or ischemia

Effects extremities or abdominal wall

Treatment requires aggressive surgical debridement

Often fatal

Disseminated myonecrosis Usual pathogen: C. septicum, C. sordellii, or C. perfringens associated
with severe neutropenia, colorectal or hematologic malignancy, intestinal insult

Characterized by spreading cellulitis and crepitation

Often fatal

Suppurative visceral infection Infection polymicrobial often including C. perfringens and C. ramosum

Associated with cholangitis, pancreatic disease, pelvic infections, intra-abdominal abscess,
and pulmonary aspiration

Bacteremia/septicemia Usual pathogen: C. perfringens (often a benign course), C. septicum,
and C. sordellii (rapidly progressive, leading to disseminated gas gangrene)
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Strum and co-workers [46]. recovered C. butyricum
from the peritoneal fluid and cerebrospinal fluid of a
neonate with NEC. Brook et al. [47] recovered
C. difficile mixed with Klebsiella pneumoniae from the
peritoneal fluid and blood of a patient with NEC. War-
ren et al. [48] Brecovered C. perfringens from the in-
flamed peritoneal cavity of two newborns with NEC
with severe hemolytic anemia. Novak [49] described
red blood cell alteration in four patients with NEC.
Clostridium spp. were recovered in the blood or perito-
neal cavity of three of four patients. These strains elab-
orated red blood cells altering enzymes also in vitro.
Alfa et al. [50] described an outbreak of NEC occurred
in six neonates within a 2-month period. BBlood cultures
from three of these neonates grew the same strain of
what appears to be a novel Clostridium spp.^ de la
Cochetiere et al. [51••] detected C. perfringens species
in the first 2 weeks of life of three infants who later
displayed symptoms of NEC.

Other Infections

Clostridia can be involved in various often polymicrobial pe-
diatric infections: arthritis [52•], osteomyelitis [52•], skin and
soft tissue (often after trauma or foreign body penetration) [35,
53], panophthalmitis [54], intra-abdominal [55], pulmonary
[56], intracranial [57], pelvic infections [58], abscesses [5],
and panophthalmitis [31]. Clostridial septicemia usually occur
in children with malignancy, aplastic anemia, or immunodefi-
ciency and often follows an ischemic gastrointestinal insult,
such as neonatal necrotizing enterocolitis or toxic megacolon
[7•].

Clostridial necrotizing enteritis (also called enteritis
necroticans or pigbel) is rare in developed countries and
causes high mortality following consumption of undercooked
pork. Type C enterotoxin producing C. perfringens is usually
the cause [59].

Neutropenic enterocolitis (typhlitis) is associated with clos-
tridia (mostly C. septicum) in those with congenital neutrope-
nia, leukemia, or neutropenia [60]. C. perfringens and
C. ramosum can be isolated in septic abortion and puerperal
septicemia [61].

Diagnosis

Gas gangrene is diagnosed on clinical grounds. Typically,
myonecrosis and crepitation are present. Synergistic non-
clostridial anaerobic myonecrosis usually present with less
severe systemic symptoms. Localized clostridial cellulitis usu-
ally begins gradually, with less pain or systemic toxicity, and
is hard to distinguish from exotoxin A-producing group A

streptococcal infection. Severe crush injury is often the pre-
disposing injury in anaerobic cellulitis and myonecrosis [37].

Gram stain can demonstrate gram-positive bacilli, without
neutrophils. Recovery of C. perfringens from a wound is not
diagnostic of gas gangrene, and inability to isolate
C. perfringens does not exclude its diagnosis [42, 62]. Recov-
ery from a deep tissue site should be tried. Singleplex molec-
ular diagnosis and syndromic multiplex molecular detection
methods hold promise for early identification of the organism.

Treatment

Early and aggressive surgical debridement, decompression,
and drainage are critical to successful outcome of histotoxic
infections. Amputation of extremities may be needed. Often,
several procedures may be required to remove all necrotic or
compromised tissue.

The choice of appropriate empirical therapy is complicated
by clostridial increased resistance to several antimicrobials by
[63••]. Resistance patterns have been monitored locally and
nationally, but susceptibility testing of anaerobes at individual
hospitals is rarely performed [64•]. The susceptibility of
Clostridium spp. recovered from a serious infection should,
therefore, be determined especially if its susceptibility patterns
are unpredictable

Specific antimicrobials against Clostridium spp. should be
given, even though the infection’s environment is anoxic and
acidic and detrimental to their efficacy. Penicillin G should be
included in regimens for treatment of rapidly spreading clos-
tridial cellulitis, myonecrosis, or septicemia. Most Clostridia
(except for some C. ramosum, C. clostridiforme, and
C. innocuum) are susceptible to penicillin. However, increas-
ing resistance of Clostridium spp. to penicillin has been noted
[65]. Some Clostridium spp. may resist penicillin/ampicillin
through the production of beta-lactamase(s) but are usually
inhibited by beta-lactamase inhibitors [65]. Eflux pump activ-
ity related to resistance has also been described in Clostridium
[66–68].With the exception ofC. perfringens, cephalosporins
are relatively less active against most species of Clostridium,
including C. difficile [69•, 70]. Clindamycin, cefoxitin, and
metronidazole are clinically inferior to penicillin, and some
Clostridium spp. (especially C. ramosum, Clostridium
tertium, and C. sporogenes) are resistant.

Macrolides show relatively good activity against
C. perfringens. There is high clindamycin resistance among
some Clostridium spp. (especially C. difficile) [71].

The drug of choice is penicillin G in a dose of 200,000 to
400,000 U/kg/day given intravenously in divided doses every
4 h. Clindamycin suppresses bacterial toxin synthesis. Among
the single and combination antimicrobial treatments, metroni-
dazole alone, clindamycin alone, and clindamycin plus peni-
cillin were the most efficacious in a mouse model. BAlthough
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the survival of mice treated with clindamycin plus penicillin
was greater than that of mice treated with clindamycin alone,
the difference did not reach statistical significance. In contrast,
mice treated with a combination of metronidazole and peni-
cillin demonstrated greater mortality than those treated with
metronidazole alone.^ [72••] Other effective antimicrobials
include chloramphenicol, third-generation cephalosporins,
carbapenems, and vancomycin. Treatment should be contin-
ued until the infection has cleared.

Aggressive supportive care is challenging and complex.
Non-controlled data supports the use of hyperbaric oxygen
(HBO) for gas gangrene [73]. However, surgical and other
procedures when indicated should not be delayed for HBO
therapy. HBO minimizes tissue loss and diminishing the ex-
tent of debridement. Polyvalent equine antitoxin is utilized
without supportive data. Other adjuvant therapies include G-
CSF, granulocyte transfusions, and intravenous immunoglob-
ulin [34•].

Survival rate is 75–90 % with early, modern, aggressive
treatment and depends on disease’s location, extent and
promptness of debridement. Mortality is high when surgical
treatment is delayed.

C. perfringens food poisoning is self-limiting and medical
intervention rarely is required [42]. Oral rehydration with hy-
potonic fluids usually suffices, although sometimes, especial-
ly in infants, intravenous hydration may be required. Antimi-
crobials are not needed.

Prevention

Risk of histotoxic infections can be reduced by adequate
cleaning, debridement, and meticulous care of contaminated
wounds. Antimicrobials should be given to those with heavily
contaminated wounds, which should be left open to air.

Food poisoning can be prevented by appropriate handling
of cooked foods (mainly meats). It should be evenly cooked or
reheated at least 120 °C, and if not consumed while hot,
should be stored at <5 °C [74]. Meat allowed to stand at room
temperature can allow growth of C. perfringens. Preformed
toxin is destroyed with reheating, however, spores are not
affected.
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