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Abstract

Clostridium novyi is one of the clostridia species, which are anaerobic, gram-positive, non-capsulated, motile, and have the abil-
ity to produce endospores. The spores of Clostridium species are highly resistant to environmental conditions and found in soil, on
the faces of animals, and as endogenous sources in the intestinal tract and liver. The vegetative cells of Clostridium species are rod-
shaped, frequently pleomorphic, and can be observed under a microscope in pairs, clusters, with rounded ends to their cells, and in
short chains. The purpose of this review is to raise awareness of Clostridium novyi importance and its virulence factor. Clostridium
novyi affects sheep, swine, cattle, and goats, but rarely equines. Black disease, or infectious necrotic hepatitis, is an acute, fatal disease
characterized by edema, including swelling of the eyelids and nostrils, and noticeably elevated liver enzymes. Clostridium novyi is
classified into four strains, designated A, B, C, and D, based on their soluble antigen, extent of their toxin production, and the diseases
that they cause in humans and animals. Type A strains are of medical importance because they cause gas gangrene in humans, while
type B is responsible for infectious necrotizing hepatitis, especially in sheep but occasionally in other animals. Clostridium novyi
proliferates in the soft tissues of the head and neck, and the resultant clostridial toxin causes increased capillary permeability and
the liberation of serous fluids in the tissues. Clinical history, routine necropsy, histopathology, and immunostaining of C. novyi in liver
lesions are essential to giving a reasonable opinion of infectious necrotic hepatitis. Isolation isn't always successful, due to fastidious
and strict anaerobic conditions of the microorganism; molecular identification by PCR is a precious tool to give an etiologic opinion
and to separate C. novyi type B from other clostridial pathogens. Treatment is infrequently effective; however, control is achieved
by disrupting the liver fluke life cycle by reducing populations of the intermediate snail host and actively immunizing with C. novyi

toxoid.
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Introduction

Dr. Frederick Novy discovered Clostridium novyi (C. novyi)
from guinea pigs in1894, known as Bacillus oedematis maligni [1].
The endogenous source of C. novyi is the liver and gastrointestinal
tract, and it is widely distributed in soil, water, and marine sedi-
ments [2]. Itis Gram-positive, noncapsulated, motile, and is an obli-
gate anaerobe that develops endospores to withstand unfavorable
circumstances [1,3]. A wide group of bacteria that produce spores
called “clostridia” usually cause disease by producing strong tox-
ins [4]. In areas of liver necrosis brought on by the movement of
liver flukes, the organism multiplies and creates a potent necrotiz-
ing toxin (alpha toxin). Wherever sheep and liver flukes are found,
there is the disease, which is spreading and getting worse [5].

C.novyi is classified scientifically as belonging to the phylum for-

micates, class clostridia, order clostridiales, family clostridiaceae,
and kingdom bacteria. Clostridium novyi type B causes infectious
necrotic hepatitis (black disease) [5]. Since Clostridium novyi is
pathogenic that secretes alpha toxins, a lethal exotoxin that induc-
es edema, and cause a wide range of illnesses in both humans and

animals [6,7].

Based on the toxins they produce, C. novyi is classified into four
types: A, B, C, and D. Clostridium novyi Type A produces alpha, gam-
ma, delta, and epsilon toxins. C. novyi Type B produces alpha, beta,
and zeta toxins, while Type C produces gamma toxins [2,8]. C. novyi
type D is thought to be a distinct species (Clostridium haemolyti-
cum) from Clostridium types A, B, and C. [9] because it lacks alpha-
toxin; it produces beta, eta, and theta toxins [10]. C. novyi type A
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is frequently involved in gas gangrene infections in humans and
animals, while type B is the etiological agent of infectious necrot-
ic hepatitis (black disease), which is typically observed in sheep,
swine, and cattle, although rarely in horses [11]. C. novyi type C is
not known to cause illness in laboratory animals and is therefore

considered non-pathogenic [8].

C. novyi type D, which only produces a beta toxin, is commonly
known as C. haemolyticum and causes BH [12,13], while C. novyi
types A and B (producing alpha toxin) cause sudden death in
swine, and the carcasses exhibit gross distension and livers with
gas bubble infiltration or sponge-like appearances [14,15]. Clos-
tridium spp. is an obligate anaerobe and requires enriched media
for isolation and identification, which are more time consuming
and laborious [16]. In general, C. Novyi type B causes infectious
necrotic hepatitis in domestic animals [17]. C. Novyi strains have
peritrichous flagella; they are all motile and cause swarming on
blood agar cultures [18]. The major goal of this review is to draw

attention to the importance and virulence factors of C. novyi.

Review
Pathogenesis of C. novyi infections

Ingestion of environmental spores that seed Histocytes in the
liver, bone marrow, spleen, and possibly other organs is the first
step in the pathogenesis of the disorders. Clostridial spores that
have already been swallowed, circulated, and deposited in tissues
begin to germinate when anaerobic conditions are present, and this
cause’s tissue damage by way of toxin synthesis. INH, sometimes
referred to as “black disease,” is an acute toxemic disease of sheep
produced by C. novyi type B [19,20]. Sporadic cases have been also
reported in cattle, goats, pigs, [21] and horses [19,22].

In ruminants, the migration of the liver fluke is thought to be the
main initiating event [5]. Any hepatic injury leading to the genera-
tion of anaerobic conditions may be a predisposing factor for these
diseases. The liver and other organs enlarge with edema and tis-
sue necrosis as a result of a toxin released by the vegetative bacte-
ria. Both humans and animals can become infected by Clostridium
novyi, which is widely found in the environment in soil and animal
waste. Initial, vigorous, and spore formation are the three stages of
infection for C. novyi. The bacteria are expanding throughout their
first growth phase without releasing any poisons or pathogens.

During strong growth, a lot of toxins are created. Spores and endo-
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spores are produced, and the level of toxin synthesis declines, dur-

ing the final stage of infection. Endospores are robust structures
that are inactive [19,23].

Rams with swollen heads are caused by Clostridium novyi
type A, which is also one of the causes of gas gangrene in humans.
In young rams in particular and is characterized by the onset of
a prominent seditious oedema of the head and neck. This condi-
tion arises from head injuries that are frequently sustained dur-
ing fighting and that become infected. The term “black diseases”
refers to conditions when the corpse briefly turns black after death
due to engorgement of subcutaneous blood veins [24,25]. Sheep, in
particular, are susceptible to the condition known as infectious ne-
crotic hepatitis, which is brought on by a Clostridium novyi infec-
tion. The common name “black disease” comes from the fact that
the primary infection is intestinal and is spread by the faecal-oral
rot spores of C. novyi that escape from the gut and lodge in the
liver. There, they remain dormant until an injury creates anaerobic
conditions for them to germinate. This causes local necrosis and
widespread damage to the microvascular system, which leads to

subcutaneous bleeding and a blackening of the skin [1].

Virulence factors of C. novyi
Toxins

The lethal and necrotizing toxins damage hepatic parenchyma,
thereby permitting the bacteria to multiply and produce a lethal
amount of toxin [26]. An area of necrosis is the distinctive lesion
of contagious necrotic hepatitis in domestic animals or humans.
An archipelago of symptoms, including refractory hypotension,
leukocytosis, and multiple effusions, are produced by the alpha
toxin of C. novyi strains [24]. A single peptide chain made up of
roughly 250,000 MW makes up the massive clostridial cytotoxins
collectively. Their activity is defined by fluid leakage into the inter-
stitial space [27]. Particularly clostridial toxins disrupt normal cell
contact and weaken vascular endothelial integrity by glycosylating

GTPases involved in actin cytoskeleton function [28,29].

The three basic characteristics of the alpha toxin (TcnA) are
edematizing, deadly, and necrotizing [30]. Signal transduction
pathways that are blocked because the disintegration of cytoskel-
eton structures, which results in morphological changes in all cell
types, but especially in endothelial, cells [28]. The cells of the mi-

crovascular system undergo a spherical change, and the connec-
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D (or C. haemolyticum)

Type Main Alpha Beta Diseases
A +++ - Gas gangrene (humans and animals
++ + Infectious necrotic hepatitis
C - - No known disease association

+++ Bacillary hemoglobinuria

Table 1: Shows C. novyi type and their main toxin.

- =no toxin produced; + to +++ = increasing amount of toxin produced.

Source: Navarro MA and Uzal FA. (2020).

tions between adjacent cells become weak. These outcomes cause
fluid to leak from the capillaries, resulting in oedema in the connec-
tive tissue [19,27]. Gamma toxin is produced by Clostridium novyi
type C characterized as hemolytic, lecithinase or phospholipid, is
associated with gas gangrene in humans and animals. Delta-Toxin:
is characterized as oxygen labile haemolysin. Clostridium type B
produces alpha (TcnA) and beta- toxin in which necrotizing, hemo-

lytic, and lethal) and is a phospholipase or lecithinase [19].

Clostridium novyi type B produce Alpha, Beta and Zeta toxin.
The alpha toxin is similar to clostridium novyi type A and Beta and
Zeta toxin cause hemolytic necrosis. Clostridium novyi type B toxin
is considered the main virulence factor of this microorganism, and
it’s responsible for bacillary hemoglobinuria (BH), disease affect-
ing substantially cattle that’s clinically and pathologically veritably
analogous to contagious necrotic hepatitis (INH). After ingestion,
the spores of C. novyi type B are absorbed from the intestine and
reach the liver via the portal rotation, after which they’re spread
to other organs [30]. The spores are phagocytized and survive in
the liver, Kupffer cells, bone marrow, macrophages, and spleen’.
Because both conditions are thought to develop after liver dam-
age, necrosis and the ensuing anaerobic conditions necessary for
the germination of latent spores and the production of toxins are
believed to occur in both conditions. Necrotic hepatitis is typically
thought of as the counterpart to bacillary hemoglobinuria (BH).
The most important risk factor is the invasion of the liver by im-

mature forms of liver fluke [31].

Clinical sign
Identification of diseased animals is challenging due to the dis-
ease’s often peracute course and lack of clinical symptoms. The

animals typically seem to be in good physical condition before they

suddenly pass away, with unusually quick postmortem decompo-
sition being a defining feature [32]. Rams can develop an illness
called “Bighead” that causes non-gaseous, non-hemorrhagic head
and neck edema. The edema could spread to ventral areas, like the
throat. Eyelid and nostril swelling are additional clinical symp-
toms. The majority of animals die within 48 to 72 hours [33,34].

Clinical signs are rarely seen because of the per acute nature
of the disease. Although the animals typically seemed to be in fair
physical condition, several of them died unexpectedly from high
rectal temperatures after trying to get well. Deaths were seen in
flocks of pigs and lambs, and there was also a case of an equine doc-
umented [34,35]. The animal’s body was well-fed and had a suit-
able amount of fat stores during necropsy. The left lobe of the liver
was firm, dark red to black, and covered with copious fibrin, which
had numerous subscapular and deep parenchymal gas bubbles.
The liver was markedly enlarged and had rounded borders [20].
Gross distention of the body, grandiloquent skin abrasion, wide-
spread edema, and subcutaneous infiltration with bubbles and
foul-smelling bloody fluid in the pleural, pericardial, and abdomi-
nal depressions are patterns of pathological lesions. Generally, in-
fected organs exhibit oppressive narcotization, gas filling, spongi-
ness, and softening [19,20]. Samples of the brain, lung, spleen,
heart, diaphragm, intestine, liver, kidney, stomach, pancreas, and
mesentery were taken aseptically in order to isolate and identify

the etiological agent [22,36].

Epizootology and Transmission: C. novyi toxins, which enter
through wounds frequently connected to horn injuries sustained
during combat, are the cause of bighead. Outbreaks are more fre-
quent in the summer and fall and frequently occur after excavation

or flooding. It is believed that the organism is ingested, enters the
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gastrointestinal tract through the bloodstream, and then travels to
the muscles. Black disease and bacillary hemoglobinuria are linked
to concurrent liver disease, which is occasionally discovered as a
result of liver biopsies and is frequently brought on by Fasciola in-
fections [19,20].

Diagnostic techniques

For accurate diagnosis, it is essential to perform postmortem
examination and collect samples as soon as possible after death.
Clostridial disease is associated with advanced autolysis of organs
because clostridial toxemia can mimic natural autolysis unless an

outbreak of microflora is tampering with the results [19,32,37].

Necropsy: Postmortem lesions are typically used to make the
diagnosis of black disease. Blood engorgement of subcutaneous
arteries will give desiccated skin a black look. Dead bodies soon
putrefy. In addition, endocardia hemorrhages and hepatic damage
from flukes are frequent, and the latter can be so severe that a di-
agnosis is challenging. At necropsy, gross lesions were seen in the
liver, heart and brain, and there was also significant ascites. The
surface of the liver was dark red and merging white, with a faint
necrotic patch. The developing white necrotic area resembled a
honeycomb with gas bubble infiltration on the cut surface and a

sponge-like appearance of the liver parenchyma [38].

It is essential to collect aseptic samples, transport them, use
the appropriate preservatives, and understand the nature of the
agent. After timely sample collection, microbial insulation, and ap-
plication of PCR, a correct diagnosis of C. novyi infection was made.
Sections of the liver, kidney, spleen, lung, heart, stomach, pancreas,
brain, and small and large intestine served as samples for histologi-
cal evaluation. These tissues were fixed in 10% formalin, reused
often, and stained with hematoxylin and eosin (H and E) [31]. To
isolate C.novyi, liver and brain tissue homogenates were added
to cooking media containing 1% glucose and cultured at 37 °C in
both anaerobic and aerobic environments. On blood agar, C. novyi
colonies have a ground-glass appearance, are irregular in shape,
spherical, and have a perimeter that measures 3 to 8 mm.Due of
Clostridium novyi severe oxygen sensitivity and nutritional prefer-
ences, cultivation proved laborious and unreliable [1]. At necropsy,
gross lesions were seen in the liver, heart and brain, and there was
also significant ascites. The surface of the liver was dark red and

merging white, with a faint necrotic patch. The developing white
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necrotic area resembled a honeycomb with gas bubble infiltration
on the cut surface and a sponge-like appearance of the liver paren-
chyma [38].

Histological observation: The macroscopically visible hepatic
lesion contained numerous vacuoles and necrotic hepatocytes that
were causing the normal hepatic structure to deteriorate. The liver
capsule was microscopically covered with copious fibrin mixed
with cell fragments, and there were subcapsular and deep paren-
chymal emphysematous bullae of various diameters. The most
dramatic result was a multifocal to focally expanding coagulative
necrosis that was encircled by enormous numbers of live and de-
generate neutrophils, fibrin, hemorrhage, cell debris, and signifi-
cant gram-positive bacteria rod accumulations, some of which had

sub-terminal spores [38,39].

The fluorescent antibody test (FAT) can be run on isolated
cells or smears directly taken from clinical samples. The fluores-
cent antibody test is the most practical and quick discrimination
assay for myonecrosis agents. It has been said that using immu-
nofluorescence antibodies directly on liver smears is a highly sen-
sitive individual method that is preferable to culturing. In order
to prepare the liver tissues for immunohistochemistry, they were
formalin-fixed, paraffin-embedded, and subjected to tissue section
analysis [40]. A rabbit polyclonal antibody against Clostridia spe-
cies was used, and detection was carried out using a commerecial
kit (N-Histofine) sample stain MAX PO(R), as directed by the kit’s
manufacturer [31,41,42].

In particular, the supernatant portion of the liver samples as
well as the isolated bacteria were used to harvest DNA. By using the
polymerase chain reaction, a small portion of the 16S rRNA gene
(rDNA) from the genomic DNA of the insulated bacteria was ampli-
fied (PCR). The thermocycler profiles were as follows: 94 °C for 5
min, 30 cycles of 94 °C for 1 min, 55 °C for 1 min, 72 °C for 1.5 min,
and finally 72 °C for 7 min. The samples were kept at 4 °C while the
PCR results were seen using ethidium bromide under ultraviolet
light [31,43].

The uprooted DNA was used as a template to amplify portions
of the flagellin genes (fliC) from C. novyi types A, and traditional
PCR was used to amplify a member of the C. novyi type B toxin

gene (TcnA), which is one of the key virulence factors of the patho-
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gen. The oligonucleotide sequences used were as follows: Both
the 5’TGATGTTGACCATCCTTGCTCT-3’ (CNtBaFF) and the 5’-CCT-
TATGCAAAGGGATGGCG-33’ (CNt- BaR) amplified the target gene’s
34222-bp DNA scrap [43,44].

According to [43] the legion PCR system, which is based on the
gene sequence of the flic flagellin subunit, is capable of identifying
and separating Clostridium novy type B and Clostridium haemo-
lyticum, which have been removed from isolates and culture super-
natants of liver and brain samples. The Clostridium-like organism
with the accession number AB857215 was found to be phylogenet-
ically most closely related to two strains of Clostridium novy type
B, ATCC25758 (accession number AB035087), whose 16S rDNA
sequence was the same. Based on analyses of 1468 base pairs of
classification, the isolates and those two bacteria species shared an
extraordinarily high degree of sequence similarity, both 99.9 [45].
The 427 bp-sized species-specific amplicons showed that the liver

and brain contained Clostridium novyi type B [46].

Conclusions

This review indicates that Clostridium novyi strains are causes
diseases in sheep, pigs, and large animals and that it is a rare dis-
ease that can harm equine. Despite being rare, Clostridium novyi
is a very dangerous infection for humans. Molecular identification
of Clostridium species and their strain by PCR is a valuable tool
to provide an etiologic diagnosis and to differentiate Clostridium
novyi type B from other Clostridia pathogens. Prevention is supe-
rior to treatment. A multivalent clostridial vaccine will protect an
animal from various clostridial diseases, and it may even be useful
during an outbreak. Management of fascioliasis is crucial for the

treatment and prevention of black diseases.
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