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ARTICLE  DATA ABSTRACT

The iota toxin (ITX) is a binary enterotoxin produced as a protoxin by 
Clostridium perfringens (C. perfringens) type E that is activated by proteolytic 
enzymes in the small intestine of infected animals. By depolymerization 
of the actin filaments, ITX causes cytoskeleton disorganization of cells 
promoting the increase of the cell permeability. Here, we conducted this 
review aiming to advance the understanding of enteric clostridial diseases 
caused by C. perfringens toxins and the specificity of ITX in the intestinal 
mucosa lesions. ITX consists of an enzymatic component (Ia) and a 
binding component (Ib). We screened the recently published histological 
findings of the ITX effects and its relationship with intestinal enteric 
diseases. Histologically, hemorrhagic necrosis and multifocal hemorrhage 
have been observed in the jejunum-ileum mucosa, the small intestine, 
and the abomasum. Although the diagnosis is still based on the presence 
of toxins in the intestinal contents and the clinical and/or histological 
history, it is important to develop novel enterotoxemic indicators capable 
of establishing precise methods for differentiate the actions of ITX and 
other toxins involved in the infectious process of C. perfringens type E.

Keywords: iota toxin; iota like toxin; binary toxins; C. perfringens type E; 
enterotoxemia.

La toxina iota (ITX) es una enterotoxina binaria producida como 
protoxina por Clostridium perfringens (C. perfringens) tipo E que 
es activada por enzimas proteolíticas en el intestino delgado de los 
animales infectados. Mediante la despolimerización de los filamentos 
de actina, la ITX provoca la desorganización del citoesqueleto de 
las células promoviendo el aumento de la permeabilidad celular. 
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Aquí, realizamos esta revisión con el objetivo de avanzar en la comprensión de las enfermedades entéricas 
clostridiales causadas por las toxinas de C. perfringens y la especificidad de ITX en las lesiones de la mucosa 
intestinal. La ITX consta de un componente enzimático (Ia) y un componente de unión (Ib). Examinamos los 
hallazgos histológicos recientemente publicados sobre los efectos de la ITX y su relación con las enfermedades 
entéricas intestinales. Histológicamente, se ha observado necrosis hemorrágica y hemorragia multifocal en 
la mucosa del yeyuno-ileo, el intestino delgado y el abomaso. Aunque el diagnóstico sigue basándose en la 
presencia de toxinas en el contenido intestinal y en la historia clínica y/o histológica, es importante desarrollar 
nuevos indicadores enterotóxicos capaces de establecer métodos precisos para diferenciar las acciones de la 
ITX y de otras toxinas implicadas en el proceso infeccioso de C. perfringens tipo E.

Palabras clave: toxina iota; toxina similar a la iota; toxinas binarias; C. perfringens tipo E; enterotoxemia.

INTRODUCTION 

Clostridium is a genus of bacteria 
characterized by being mobile anaerobic 
rods capable of forming spores. It thrives 
in poorly drained pastures and alkaline 
soils (Li et al., 2013; Sari et al.,2016). Their 
strains cause the disease by the production 
of toxins or by tissue invasion, which may 
differ according to the synthesis of the 
genes (Li et al., 2013; Fuentes et al., 2016; 
Felix et al., 2019). For instance, enteritis and 
enterotoxemia are diseases caused by toxins 
produced by strains of C. perfringens in the 
intestine and their distribution to organs 
of infected animals. These toxins cause 
skin diseases, damage to subcutaneous and 
muscular tissue, gas gangrene or malignant 
edema, mostly mediated by one or more 
toxins produced by C. perfringens (Manteca et 
al., 2002; Waters et al., 2005; Uzal et al., 2010; 
Brandi et al., 2014; Freedman et al., 2015). 

The iota toxin (ITX) is a binary enterotoxin 
produced as a protoxin by C. perfringens type 
E, which can be activated in the presence 
of proteolytic enzymes. Its mechanism of 
action involves the disorganization of  cell 
cytoskeleton through the depolymerization 
of actin filaments and the inhibition of 
cell functions that are dependent on the 
cytoskeleton, resulting in cell death (Prescott 

et al., 2016; Navarro et al., 2018). ITX consists 
of an enzymatic (Ia) and a binding (Ib) 
component (Sakurai et al., 2009). Alone each 
component is not toxic, but combined, Ia and 
Ib are cytotoxic to multiple cells (Sakurai et 
al., 2009; Uzal et al., 2018; Mehdizadeh-
Gohari et al., 2021). The specificity and 
participation of ITX in enteric diseases 
and its effects in the intestine are still not 
completely elucidated (Navarro et al., 
2019). However, recent histological and 
immunohistochemical results obtained 
from sections of the jejunum and ileum have 
contributed to a better understanding of 
the mechanism of action of ITX and other 
toxins. Such findings have also contributed 
to advancing methods to differentiate cause 
and effect in the structure of the intestinal 
mucosa of infected animals.

By reviewing the recent histological findings, 
the present review aims to advance the 
state of the art of iota toxin and thus the 
understanding of enteric diseases caused 
by C. perfringens. It also aims to indicate the 
mechanism of action of ITX on the intestinal 
mucosa of infected animals, which can 
improve the differential diagnosis of enteric 
diseases.

Perfringens, toxins, and intestinal 
diseases. C. perfringens has already been 
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classified into five types major (A, B, C, D, and 
E) based on its ability to encode four typing 
toxins, i.e., alpha (CPA), beta (CPB), epsilon 
(ETX), iota (ITX) (Uzal, 2004). However, the 
F and G types with their respective CPE and 
NetB toxins have been proposed by Rood 
et al. (2018) (Table 1). CPA contains two 
domains, an N-terminal alpha-helical domain 
that contains the active phospholipase C site, 
and a C-terminal alpha-sandwich domain 
that is involved in membrane binding (Uzal 
et al., 2010). The gene that encodes CPA 
is located in a stable region within the 
bacterial chromosome and is present in all 
C. perfringens isolates (Jewell et al., 2015). 
In addition, individual strains of each toxin 
type can also produce one or more variety 
of so-called non-typifying toxins, such as 
perfringolysin O (PFO). PFO is a cholesterol-
dependent cytolysin capable to form pores in 
the plasma membrane acting synergistically 
to CPA (Awad et al., 1995). This synergetic 
interaction is due to the action of CPA that 
facilitates the interaction of PFO with the 
cholesterol present in the lipid bilayer (Uzal 
et al., 2016). CPA and PFO induce vascular 
occlusion, which blocks blood flow and leads 
to the formation of an ischemic zone, causing 

a leukostasis condition, in which leukocytes 
are unable to move freely (Chakravorty et al., 
2014). 

C. perfringens toxin types cause several 
different enteric diseases in humans and 
animals. These diseases are mediated by 
one or more toxins from C. perfringens (Uzal 
et al., 2016). Among the enteric infections 
associated with C. perfringens, the type C 
strains have been confirmed to affect humans 
and animals (Uzal et al., 2016), whereas other 
toxin types were described to cause disease 
in humans or animals individually (Navarro 
et al., 2019). The virulence of C. perfringens 
is largely attributed to its ability to produce a 
variety of different extracellular enzymes and 
toxins (Table 1). C. perfringens type C produce 
CPA, CPB, and PFO toxins (Vidal et al., 2009).

CPB is encoded as a prototoxin and is 
characterized by being extremely sensitive 
to trypsin and other proteases (Miclard et 
al., 2009a). The pathology of spontaneous 
disease associated with CPB is characterized 
by hemorrhage and necrosis of the epithelium 
of the small intestine and sometimes in the 
large intestine (Miclard et al., 2009b). 

Table 1. Toxins produced by C. perfringens and correlated genes.

Type
CPE

(plc ou cpa)*
CPB

(cpb)*
CPX

(etx)*
ITX 

(iap e ibp)*
CPE

(cpe)*
NetB

(netb)*

A + - - - - -
B + + + - - -
C + + - - +/- -
D + - + - +/- -
E + - - + +/- -
F + - - - + -

G + - - - - +

* structural genes from C. perfringens toxins are represented in parentheses. (+) present; (-) absent
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The damage associated with CPB starts 
in the intestinal mucosa but can progress 
to all layers of the intestine. Fibrin thrombi 
that occlude the superficial microvasculature 
present in the  lamina propria are 
characteristic of intestinal disease associated 
with CPB (Schumacher et al., 2013). ETX is 
produced by C. perfringens type D, which 
has an action on the endothelium of vessels 
increasing vascular permeability. 

These strains are the most common cause 
of enterotoxemia in sheep and goats. 
The histological changes observed in 
enterotoxemia caused by C. perfringens 
type D have been evidenced by intravenous 
inoculation experiments with ETX in 
sheep and goats (Uzal and Kelly, 1997). 
Postmortem findings of cattle brain revealed 
proteinaceous perivascular edema that 
affected both small to medium size arteries 
and veins, with the perivascular spaces of 
several blood vessels being distended by 
eosinophilic and homogeneous fluid (Filho 
et al., 2009). 

The lesions most commonly observed in the 
corpus striatum, mesencephalon, cerebellar 
white matter, and cerebellar peduncles are 
multifocal, acute, mild hemorrhage of the 
lamina in the jejunum (Filho et al., 2009). ETX 
is also secreted as a low activity prototoxin. 
In the intestine, ETX is activated by 
proteases, such as trypsin, α-chymotrypsin, 
carboxypeptidases and / or sometimes by 
λ-protease (Minami et al., 1997; Harkness et 
al., 2012).

CPE is a protein made up of a N-terminal 
domain (important for the formation of 
pores and cytotoxicity) and a C-terminal 
domain that mediates binding to the receptor, 
being secreted mainly by the C. perfringens 

enterotoxin strain (Van Itallie et al., 2008; 
Rood et al., 2018). The C-terminal region of 
the toxin is related to cytotoxic activity, but 
it also mediates the binding to the receptor, 
which involves the presence of several 
tyrosine residues located in the last 30 amino 
acids of CPE (Harada et al., 2007; Takahashi et 
al., 2008). On the other hand, the N-terminal is 
particularly important for cytotoxicity, given 
its fundamental role in the oligomerization 
and formation of EPC pores (Smedley and 
McClane, 2004).

NetB is produced by strains of C. perfringens 
type G (Rood et al., 2018). This strain is 
among the most common and important 
pathogens in humans and animals (Uzal 
et al., 2018). C. perfringens type G causes 
histotoxic infections, including gas gangrene 
(myonecrosis), anaerobic cellulitis, and 
simple wound infections (Songer, 1996). It 
is also responsible for several human and 
animal diseases originated in the intestine. 
These diseases are often manifested as 
enteritis or enterotoxemia, a condition in 
which toxins produced in the intestines 
are absorbed into the circulation and then 
damage other internal organs such as the 
brain, lungs, or kidneys (Shrestha et al., 2019). 
Studies have confirmed that NetB is the main 
virulence factor involved in the development 
of avian necrotic enteritis, evidenced by 
epidemiological damage (Keyburn et al., 
2010; Prescott et al., 2016; Rood et al., 2016). 
Table 2 shows the main properties of the 
mentioned toxins.

Perfringens ITX. ITX is a member of the 
binary toxin family that consists of separate 
Ia and Ib proteins produced as pro-proteins 
and enzymatically activated by removal 
of their N-terminal sequences by the host 
proteases (Sakurai et al., 2009) (Figure 1). 
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The component Ia consists of a N-terminal 
domain that interacts with Ib and a C-terminal 
domain with ADP-ribosyltransferase activity. 
The N-terminal end contains the Ib binding 
site, and the C-terminal end contains the 
active ADP-ribosylation site (Li et al., 2013; 
Simpson et al., 2018). The component Ib has 

Table 2. Toxin data from C. perfringens  
(Adapted from Uzal et al., 2010; Li et al., 2013; Navarro et al., 2018).

Gene Size Biological Activity Molecular weight

cpa 370 pb Necrotizing Hemolytic Contraction
 of smooth muscle 42,5 KDa

cpb 336 pb Dermonecrotic edema, enterotoxic, cytotoxic 35 KDa

etx 656 pb Lethal dermonecrotic edema
Smooth muscle contraction 34 KDa

iap 135 kb Lethal necrosant Ia: 47,5 KDa
Ib: 71,5 KDa

cep 319 pb Lethal enterotoxic erythema 35 KDa

netB     42  kb Dermonecrotic edema, enterotoxic, cytotoxic 33 KDa

Figure 1. ITX structure of C. perfringens type E. (A) and (B) showing the position of Ia and 
Ib domains and components responsible for the interaction and depolarization of host cells 
(adapted from Yamada et al., (2020)).
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Figure 1. ITX structure of C. perfringens type E. (A) and (B) showing the position of Ia and Ib domains and 251 

components responsible for the interaction and depolarization of host cells (adapted from Yamada et al., (2020)).252 

four domains that allow the interactions of 
Ia and the internalization along with host 
cell ligands. The I domain of Ib is responsible 
for proteolytic activation; the II domain is 
responsible for binding to the cell plasma 
membrane and pore formation; the III domain 
is responsible for polymerization; and the IV 

A B
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domain is responsible for receptor binding. 
The latter is similar among all toxins in this 
group (Li et al., 2013; Schmidt et al., 2015).

The action of ITX starts with the Ib binding 
to the specific LSR receptor (a lipoprotein 
receptor that is stimulated by lipolysis present 
in the cell membrane). This interaction leads 
to the formation of lipid structures in the form 
of metamers (Figure 1) (Schmidt et al., 2015). 
The formed complex interacts with eukaryotic 
cells and serves as a binding site for Ia (Knapp 
et al., 2009), and part of Ib is recycled back 
to the plasma membrane with Ia absorption 
increase. The complex of Ia and Ib are 
transported to the initial endosomes, where 
acidification promotes the cytosolic entry of 
Ia. The C domain and part of the N domain of Ia 
bind to G-actin in the cytosol and causes ADP 
ribosylation, blocking the polymerization of 
actin, and finally, intoxicating the cells (Tsuge 
et al., 2003) (Figure 1).

The action mechanism of C. perfringens 
ITX. The lipolysis-stimulated lipoprotein 
receptor (LSR) has been reported as a cellular 
receptor for Ib, which mediates toxin entry 
into host cells (Schmidt et al., 2015). The ITX 
entry into host cells may involve associated 
endocytosis to the CD44 cell surface antigen 
(Wigelsworth et al., 2012). Once bound to 
its receptor, Ib assembles into heptamers 
that are inserted into the host’s plasma 
membrane, forming functional channels 
and allowing the movement of ions and Ia 
translocation and endocytosis (Nagahama et 
al., 2002; Nagahama, 2012). The Ia enzymatic 
component is also secreted as an inactive form 
that needs the proteolytic removal of 9 to 11 
N-terminal residues (Gibert et al., 2000). The 
C-domain of Ia is responsible for the toxin’s 
ADP ribosylation activity, which involves 
the covalent attachment of ADP-ribose to an 

Arginine at the actin residue 177 (Tsuge et 
al., 2003). This leads to the depolymerization 
of actin filaments and increase in G-actin 
monomers (Tsuge et al., 2008).  

The depolymerization of the actin cytoskeleton 
results in changes in cell morphology and 
disorganization of the intercellular and 
basolateral junctions, leading to an increase 
in the permeability of cultured monolayers of 
intestinal cells (Nagahama et al., 2012).

Both ITX components internalize into target 
cells through a Rho-dependent pathway 
(independent of clathrin) and reach 
endocytic vesicles (Gibert et al., 2011), with 
the return of part of Ib that is recycled to the 
plasma membrane (Takehara et al., 2017). At 
the end of endocytosis, Ia translocates from 
the late endosomes to the cytoplasm, where 
it exerts its ADP-ribosylating activity. This 
translocation requires an acidic environment 
present in the late endosomes (Gibert et 
al., 2007), with a change in morphology 
(rounding), the inhibition of leukocyte 
migration and activation, the inhibition 
of smooth muscle contraction, and the 
impairment of endocytosis, exocytosis, and 
cytokinesis (Richard et al., 2002).

Network of interactions of C. perfringens 
and ITX toxins. The protein interaction 
network that involves ITX is not fully known. 
Therefore, a detailed investigation of how 
this toxin interacts with other proteins in the 
network is necessary. Bioinformatics analysis 
makes possible to carry out a quick analysis of 
data (Alves et al., 2014). Thus, through these 
analyses, it is possible to reveal molecules and 
mechanisms important in the pathogenesis of 
human and animal diseases never addressed 
in the literature, clarifying the ways in which 
different molecules act. As a way of raising 
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hypotheses for the performance of ITX in 
enteric diseases caused by C. perfringens, 
maps of protein interactions were built 
using the STRING software (Szklarczyk et al., 
2021), obtaining the networks represented 
in Figure 2. 

The inputs used in the creation of the 
networks were “Clostridium perfringens” 
and “Toxin”. In each elaborated network, 
the leader gene was selected. The selected 
gene was the one that presented the highest 
number of interactions within each network: 

PFO - Perfringolysin O, CPF_0291, CPF_1586, 
CPF_0971.

PFO is expressed in almost all identified 
strains of C. perfringens and has interesting 
characteristics that suggest an undefined 
potential role for PFO in the development 
of clostridial diseases. A role for PFO in the 
progression of gas gangrene and bovine 
necrohemorrhagic enteritis has been 
demonstrated, but limited data are available 
to determine whether PFO also works 
in presentations of additional diseases 
caused by C. perfringens (PMID: 26008232). 

Figure 2. Interaction network from C. perfringens toxins using 
Perfringolysin O by software STRING.
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Therefore, it is interesting to investigate 
the type of interaction of ITX with PFO to 
unravel an ITX acting possibility through 
the oligomeric pore complex. Studies have 
reported that binary clostridial toxins 
induce disruption of the actin cytoskeleton 
through the mono-ADP-ribosylation of 
globular actin and are responsible for enteric 
diseases. These toxins share structurally and 
functionally related binding components 
that recognize specific cell receptors, 
oligomerize, form pores in the membrane 
of the endocytic vesicle, and mediate the 
transport of the enzyme component to the 
cytosol. The binding components retain 
the overall structure of toxins such as PFO. 
However, its pore-forming activity (namely 
clostridial binding components) is more 
related to the aerolysin and epsilon toxin 
of C. perfringens (Knapp et al., 2016). As a 
result, it is important to focus on the ITX 
pore-forming activity.

The interaction possibilities between ITX 
and the other leading genes identified in 
bioinformatics analysis also needs further 
investigation. CPF_0291 is an mRNA 
interferase, toxic component of a toxin-
antitoxin (TA) module. CPF_1586 is a phage 
portal protein, family HK97, identified 
by correspondence with the family of 
proteins HMM PF04860; it corresponds 
to the HMM family of proteins TIGR01537. 
CPF_0971 is characterized by the secretion 
of toxins / phage lysis holin; identified by 
correspondence with the HMM family of 
proteins PF05105; it corresponds to the 
HMM family of proteins TIGR01593.

Studies of molecular interactions of 
ITX of C. perfringens type E. The ITX of C. 
perfringens type E belongs to the family of 
binary toxins, in which the translocation 
and enzyme domains are in two individual 

unbound proteins (Stiles and Wilkins, 1986). 
Pore Ib comprises four domains: 1 (domain 
1 without the propeptide), 2, 3 and 4, as 
with protective antigen (PA). The main pore 
comprises domain 2, which consists of two 
parts designated as 2c (296–311 aa and 
381–512 aa) and 2s (312–380 aa). Domain 
2s is an extended β clamp, seven copies of 
which come together to form a 14-filament 
β barrel spanning the membrane. Domain 3 
located in an intermediate position between 
domains 1′ and 2c. Domain 4 is the receptor-
binding domain consisting of 260 amino 
acid residues (616-875 aa) and is located in 
the outermost region of the pore (Yamada 
et al., 2020). Tsuge et al. (2008) determined 
the recognition structure of Ia to actin, 
where Ia recognizes the actin by five loops 
around NAD: loop I (Tyr-60-Tyr-62 in the N 
domain), loop II (the loop of the site active 
connecting α7 and α8 propellers), loop III 
(the loop between β9 and α10), loop IV (the 
PN loop located at 10 residues after the 
serine-threonine-serine (STS) motif that 
stabilizes the NAD connection), and loop 
V (the ADP-ribosylation turn-turn - ARTT 
loop that contains Motif EXE). The EXE motif 
includes two key glutamate residues, and 
it is present in the catalytic center. Actin is 
recognized by loops III, IV and V through not 
only the ionic interaction, but also through 
the van der Waals interaction, based on the 
complementary form.

Although the Ia enzymatic component (ADP-
ribosyltransferase) changes from the cis side 
to the trans side, the Ib pore has a clamp 
and four constriction sites that are classified 
based on the change in their diameter. The 
first constriction site is composed of di-
calcium binding sites unique by N-terminals 
designated as the Ca edge with an inner 
diameter of 45 Å. The second constriction site 
consists of NSQ loops (490-492 aa) with an 
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internal diameter of 23 Å. Ca-edges and NSQ 
loops function as the most important region 
for the binding of Ia. The third constriction 
site is composed of TEG loops (497-499) with 
an internal diameter of 22Å. The narrowest 
clamp is formed by seven F454s of protomers 
with an internal diameter of 6Å, called clamp 
ϕ in PA. The fourth site of constriction is 
composed of His 313 located in the vestibule 
of the stem. Therefore, the inner pore surface 
is divided into layers I, II, III, IV and V from 
cis- to trans-based on the four constriction 
sites and a clamp (Yamada et al., 2020).

The polar side chains of EXE extend towards 
the catalytic cavity and are the common 
sequence involved in the formation of the 
NAD+ crack and an aromatic residue-R / H, 
located in the cavity where it binds to NAD+. 
Glu-378 and -380 in Ia are included in the EXE 
sequence and is essential for enzymatic activity. 
Arg-295 is present in the aromatic residue-
R/H sequence (Domenighini and Rappuoli, 
1996). The substitution of Arg-295 for alanine 
in Ia causes complete loss of NADase, ARTase, 
lethal and cytotoxic activities (Nagahama et al., 
2000). The replacement of Arg-295 by a basic 
amino acid, such as histidine or lysine, also 
generates a drastic reduction in the activities 
of NADase and ARTase, showing that Arg-295 
cannot be replaced by other basic residues. 
The side chain of Arg-295 is essential for the 
NADase and ARTase activities of Ia. Arg-295 
plays an essential role in binding Ia to NAD+ 
(Perelle et al., 1996).

The substitution of Glu-378 in the EXE 
sequence for alanine in Ia results in the 
complete loss of NADase and ARTase 
activities (Nagahama et al., 2000). However, 
the replacement of Glu-378 with aspartic acid 
causes a low effect on the NADase activity, 
but a drastic reduction in the ARTase activity. 

These results indicate that Glu-378 plays an 
important role in ARTase activity but not in 
NADase activity. Therefore, it is likely that the 
side chain carboxyl group at the amino acid 
at position 378 is not required for NADase 
activity, but it is essential for ARTase activity 
(Perelle et al., 1996). Alterations in the 
peptide sequence of the EXE motif of Ia may 
represent a way to advance the specificity 
and pathogenicity of ITX as well as to be 
explored in the development of methods that 
differentiate the lesions caused by ITX and 
iota like toxins.

Diagnostic methods for enteric diseases. 
In South American and European countries, 
diagnoses of enteric diseases are performed 
by analyzing clinical signs, characterization 
of macroscopic and microscopic lesions, 
detection of the C. perfringens toxins type 
present in the intestinal contents of infected 
animals by ELISA and PCR, isolation of the 
etiological agent in bacteriological cultures,  
demonstration of toxins in clinical samples 
and in supernatant fluid from pure cultures, 
or by Seroneutralization of the intestinal 
filtrate combined with specific antitoxins 
(Sobrinho et al., 2010; Sobrinho et al., 2014; 
Silva et al., 2015; Santana et al., 2018; Ghoneim 
and Hamza, 2017). PCR is a basic molecular 
technique that can be employed to detect C. 
perfringens strains by in vitro Multiplex PCR 
tests, in which the corresponding toxin genes 
are detected. This  allows the typification of 
the causative agent of the lesion (Redondo et 
al., 2013; Lobato et al., 2013; Park et al., 2016). 
The dermonecrotic effect can be performed 
in guinea pigs, using standard antitoxins 
(anti-CPA, anti-CPB, anti-EPX and anti-ITXι) 
applied for the typification of C. perfringens 
type E (Fleming et al., 1985; Brandi et al., 
2016; Ghoneim and Hamza, 2017; Santana et 
al., 2018). 



   166    

UNIVERSIDAD DE NARIÑO  e-ISSN 2256-2273          Rev. Cienc. Agr. July - December 2021  Volume 38(2): 157 - 174                

Brito et al.- Ruminant enteric clostridial diseases

Enterotoxemia caused by the action of ITX 
presents similarities between intestinal 
lesions and lesions caused by toxins from 
other strains of C. perfringens, which makes 
it difficult to apply the protocol used for 
enterotoxemia caused by C. perfringens type 
D. In addition, there are cross-reactions 
between ITX and iota-like toxins that make 
it difficult to determine the specificity of ITX 
in lesions (Uzal, 2004; Navarro et al., 2019). 
The infection caused by the epsilon toxin of 
C. perfringens type D, which usually affects 
animals between three days and six months 
of age, must be made at the beginning of 
the infection process (Lobato et al., 2000). 
Infected animals may have more fluid 
and dark feces, difficulty walking, lateral 
decubitus, and death with autopsies revealing 
changes in the small intestine with petechiae, 
edema, and dark yellow intestinal contents 
(Lobato et al., 2000). Data on the infection 
history, pathological, microbiological and 
seroneutralization findings in mice allow the 
conclusive diagnosis of enterotoxemia caused 
by C. perfringens type D (Lobato et al., 2000; 
Moreira et al., 2016). 

In Brazil, the diagnosis of enteric diseases is 
mostly clinical and empirical. The diagnosis 
confirmation is done by detecting the toxin 
type found in the intestinal contents of infected 
animals and using the serumneutralization 
technique. However, there is a need 
for improvement and implementation 
of laboratory infrastructure and the 
development of new, safe and validated in 
vitro methodologies that will replace in vivo 
techniques (Miyashiro et al., 2009).

Pathological findings on enteric diseases 
and infections by ITX. C. perfringens strains 
can cause intestinal infections, including 
enteritis and enterotoxemia due to the 

action of toxins in the intestine of infected 
animals and/or other organs (Sayeed et 
al., 2008). Toxin action has resulted in skin, 
subcutaneous and muscle tissue diseases, gas 
gangrene or malignant edema, most of which 
are mediated by one or more toxins produced 
by C. perfringens (Uzal et al., 2010; Freedman 
et al., 2015; Brandi et al., 2016). Reports 
from Diab et al. (2012) confirmed cases of 
enterotoxemia caused by C. perfringens toxin 
type C in foals and horses, with segmental 
multifocal hemorrhage and thickening of 
the intestinal wall of the colon and cecum. 
Animals presented variable amounts of 
hemorrhagic fluid in the intestinal contents, 
characterized by necrotic enteritis and a high 
concentration of gram-positive rods present 
in the mucosa. Clinical analysis, macroscopic 
and histological lesions, and detection by 
serum neutralization confirmed the presence 
of beta toxin in the intestinal contents. The 
characteristics and clinical signs described 
for infections caused by C. perfringens type C 
and C. spiroforme are similar to those caused 
by ITX of C. perfringens type E (Songer, 1996; 
Songer and Miskimmins, 2004; Navarro et. 
al., 2019). Infections caused by C. spiroforme 
toxins are clinically characterized by diarrhea 
and hemorrhagic lesions, characteristic of 
the cecal serosa and mucosa, and eventually, 
the distal ileum and proximal colon with 
the presence of aqueous mucoid content 
(Borriello and Carman, 1983; Carman and 
Borriello, 1984).

In South American countries, C. perfringens 
type E has been isolated in a relatively high 
proportion, with a prevalence of iota toxin 
in almost 30% of samples from healthy and 
diarrheal calves (Miyashiro et al., 2009) and 
9% of calves samples with sudden death 
(Ferrarezi et al., 2008). The enterotoxemia 
caused by ITX in calves and lambs has 
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been reported since 1963 in Great Britain. 
However, postmortem findings have always 
been referred to as hemorrhagic necrotic 
enteritis in calves, in which ITX was detected 
in the intestinal fluids of sheep and cattle 
(Redondo et al., 2015). ITX can also cause 
enterotoxemia in lambs, calves, and rabbits. 
However, these reports are described with 
lower prevalence (Filho et al., 2009; Kim 
et al., 2013; Redondo et al., 2015). Little 
is known about the pathogenesis of C. 
perfringens type E infections, however, it 
is assumed that, according to the standard 
established for isolates that produce other 
types of toxins, ITX plays an important 
role, requiring a more accurate and direct 
diagnosis and a better comprehension of its 
specificity in intestinal lesions.

To establish advances in the diagnosis 
and specificity of C. perfringens type E iota 
toxin in intestinal lesions, it is necessary 
to evaluate, through retrospective studies, 
postmortem clinical data from infected 
animals. Postmortem data of infections have 
already revealed the presence of multifocal 
mucosal hemorrhage in the abomasum and 
small intestine and hemorrhagic necrosis 
of the superficial mucosa in the jejunum-
ileum. Hemorrhagic necrosis has been the 
main intestinal lesion caused by iota toxin 
of C. perfringens type E (Filho et al., 2009; 
Redondo et al., 2015). Mild autolytic change 
in segments of the jejunum, ileum, and colon, 
with some necrotic areas of the ileum and 
with signs of lymphadenitis, has also been 
described (Redondo et al. 2013). Stretch 
marks caused by inflammation were seen on 
the mucosal surface of the spiral colon, with 
edematous and inflamed mesenteric lymph 
nodes. The presence of Gram-positive bacilli 
adhered to the surface of the necrotic mucosa 

in parts of the intestinal tract were found, 
which reinforces the diagnosis of the action 
of ITX (Redondo et al., 2017).

Although the diagnosis is based on the 
presence of toxins in the intestinal contents, 
it is important to develop new indicators 
of enterotoxemia, which may be combined 
with other methods, especially the animal’s 
history, clinical signs, necropsy findings and 
histopathology of the organs with lesions to 
obtain faster and more accurate methods. In 
addition, a comparative study of the clinical 
picture and the histopathologic structure is 
important to reveal the pathogenesis and 
the diagnosis of the infections caused by C. 
perfringens toxins in different species and to 
elucidate the characteristics of the infection 
and the action of the toxins (Alves et al., 2014; 
Silva and Lobato, 2015; Santana et al., 2018). 
The interpretation of histological findings 
from bovine intestinal sections combined 
with studies in animal models in preclinical 
trials can contribute to the development of 
these methods.

Murine models have been used to elucidate 
several mechanisms of pathogen infection. 
These models do not develop signs of clinical 
disease as described in humans or other 
mammals; however, they are important, 
since they develop an acute infection and 
associated pathological changes (Simpson 
et al., 2018). Scientific studies have 
demonstrated the importance of murine 
models in elucidating mechanisms associated 
with disease pathogenesis, host response 
dynamics and the action of Clostridium sp 
toxins during infection (Ismail and Omoush, 
2019). Recently, Batah et al., (2017) used 
C57BL/6 models to evaluate the action of C. 
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difficile toxin in the inflammatory response of 
the epithelial tissue, causing signs of infection 
due to the appearance of ruffled hairs, reduced 
metabolic activity, high inflammation index, 
mucosal edema, epithelial lesions, and loss of 
goblet cells. It is important to advance in the 
elucidation of ITX participation in simulated 
studies with the main toxins of C. perfringens 
that are involved in the intestinal lesions of 
infected animals. In vivo tests using a murine 
model can contribute to advance the ITX 
specificity and other binary toxins from 
Clostridium sp in intestinal lesions. These 
models develop symptoms of the infection, 
contributing to explain the intestinal lesions 
caused by each species of C. perfringens. 
Murine model is a practical and rapid animal 
model that uses mice throughout the clinical 
evaluation phase, and can be used in the 
analysis of fluid in the small intestine from a 
dose of toxin (Assis-Rodrigues et al., 2019). 
Reports already described the action of ITX 
in the murine model that showed changes in 
intestinal permeability, induction of necrosis, 
degenerative changes in the mucosal 
epithelium, intestinal motility, highlighting 
the central role of ITX in hemorrhagic 
enteritis caused by C. perfringens type E 
(Redondo et al., 2017).

CONCLUSION

In hemorrhagic necrotic enteritis, there is the 
participation of ITX due to the detection of 
the toxin in intestinal fluids and by isolation 
of the pathogen in infected animals. However, 
there are still difficulties in a rapid differential 
diagnosis between infections caused by ITX 
and those caused by other binary toxins.

FUTURE PERSPECTIVES

A possible solution can be found in the 
advance of knowledge about the molecular 
interaction mechanisms of Ia and Ib of ITX 
and the interaction mechanism of the other 
binary toxins of Clostridium sp that act on 
the host cell’s globular actin, depolymerizing 
and disorganizing the intercellular junctions. 
This will allow the development of new 
enterotoxemia indicators to establish quick 
and accurate differential diagnosis methods 
of ITX action in the infectious process.
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