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ABSTRACT Ochratoxin A (OTA) is a wide-
spread mycotoxin, that has strong thermal stabil-
ity, and is difficult to remove from feed. OTA is
nephrotoxic, hepatotoxic, teratogenic, immuno-
toxic, and enterotoxic to several species of animals.
The gut is the first defense barrier against various
types of mycotoxins present in feed that enter the
body, and it is closely connected to other tissues
through enterohepatic circulation. Compared with
mammals, poultry is more sensitive to OTA and
has a lower absorption rate. Therefore, the gut is
an important target tissue for OTA in poultry.
This review comprehensively discusses the role of
OTA in gut health and the gut microbiota of
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poultry, focusing on the effect of OTA on digestive
and absorptive processes, intestinal barrier integ-
rity, intestinal histomorphology, gut immunity,
and gut microbiota. According to the studies
described to date, OTA can affect gut dysbiosis,
including increasing gut permeability, immunity,
and bacterial translocation, and can eventually
lead to gut and other organ injury. Although there
are many studies investigating the effects of OTA
on the gut health of poultry, further studies are
needed to better characterize the underlying
mechanisms of action and develop preventative or
therapeutic interventions for mycotoxicosis in
poultry.
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INTRODUCTION

Mycotoxins, which have a low molecular mass
(w 700 Da), are secondary metabolites produced by
fungal genera (e.g., Aspergillus, Penicillium, and Fusa-
rium) and are the most common natural food contami-
nants in components of human and animal diets, such
as cereals and animal forages (Wild and Gong, 2010;
Manizan et al., 2018). Fungal proliferation and produc-
tion of mycotoxins arise naturally due to environmental
factors, such as tropical conditions (Mohd-Redzwan
et al., 2013), the warming earth (Medina et al., 2015),
and downstream processing (Khazaeli et al., 2014). Ac-
cording to a survey, 25% of the world’s crops, such as
nuts, grains, and rice, are contaminated by molds and
fungi (Pandya and Arade, 2016). The detection rates
of aflatoxin B1, deoxynivalenol, zearalenone, and fumo-
nisin in layer feed were 83.16, 93.68, 94.74, and 100%,
respectively, and those in meat-type poultry feed were
89, 96, 85, and 94.74% in Southwest China (Li, 2016).
Due to the ubiquitous nature of fungi, mycotoxins
have been increasingly attracting the concern of health
organizations where their occurrence in foods cannot
be ignored and already poses a risk to consumers
(Jahanian, 2016). When animals consume mycotoxin-
contaminated diets, intestinal epithelial cells (IECs)
are completely exposed to the contaminated feed, the
epithelial cells of the esophagus and gastrointestinal
tract (GIT) can be damaged, easily leading to gastroin-
testinal dysfunction, intestinal microbial imbalance,
malnutrition, diarrhea, vomiting, and intestinal inflam-
mation, and ultimately decreased growth performance
(Zhang, 2018; Ruan et al., 2019; Wang et al., 2019).

Ochratoxins are a group of secondary metabolites pro-
duced by fungi of 2 genera: Penicillium and Aspergillus
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(Ringot et al., 2006). Ochratoxin A (OTA) is the most
common and toxic ochratoxin (Liuzzi et al., 2016). It
has been shown to be nephrotoxic, hepatotoxic, terato-
genic, and immunotoxic to poultry (Hassan et al.,
2012b; Hameed et al., 2017; Bhatti et al., 2019; Wang
et al., 2019). Mycotoxin uptake and subsequent tissue
distribution are mediated by the GIT.When mycotoxins
are introduced into organisms via food or feed, they first
interact with the GIT (Assunç~ao et al., 2016). There is
an increasing awareness of the deleterious effects of my-
cotoxins within the GIT. A healthy intestinal tract gua-
rantees the welfare and health of both people and
animals. Rapidly dividing and activated cells and tissues
with a high protein turnover are predominant in the gut
epithelium. Intestinal cells and tissues could become a
main target of mycotoxins as many of these metabolites
are inhibitors of protein synthesis. The absorption of
OTA starts from the stomach and mainly occurs in the
proximal jejunum (Grenier and Applegate, 2013). The
absorption rate of OTA was low in poultry (Galtier
et al., 1981), and the unabsorbed OTA could reach the
hindgut to interact with the intestinal microbiota.
Considering this background, the current review aims
to provide a summary of the available evidence
regarding the effects of OTA on intestinal health and
microbiota in poultry.
OTA

Ochratoxin is mainly produced by Aspergillus and
Penicillium. OTA (C20H18ClNO6; molecular weight:
403.8) is a white, tasteless, and heat-stable crystalline
solid preparation (melting point, 168�C–173�C) with
poor water solubility (Pohland et al., 1982). OTA does
not completely disappear during baking (Vidal et al.,
2015); furthermore, OTA can resist 3 h of autoclaving
at 121�C (Trivedi et al., 1992), and even at 250�C, it is
only partially degraded (Boudra et al., 1995). During
coffee roasting, OTA is only partially decomposed
(Blanc et al., 1998; Gerrit et al., 2001). A structural anal-
ysis of OTA showed that OTA is a secondary metabolite
derived from polyketide, which contains a dihydrocou-
marin moiety coupled to a l-b-phenylalanine through
an amide bond. The metabolite is derived from the shiki-
mic acid pathway. The specific structure of OTA is
shown in Figure 1 (Andr�e and Ali, 2010). OTA is a
weak acid and has a strong capacity to bind with
Figure 1. Chemical structure of ochratoxin A (Andr�e and Ali, 2010).
proteins. Once it enters the blood stream, approximately
99% of OTA binds to serum albumin. This binding con-
tributes to the passive absorption of OTA in the
nonionic form (Chu, 1971, 1974; Galtier et al., 1981;
Hagelberg et al., 2010). After conjugated OTA reaches
the hindgut, it is released by intestinal microorganisms,
and a second peak appears in the intestinal contents,
which is absorbed by the intestine again (Kumagai
et al., 1985; Plestina, 1988; Roth et al., 1988;
Sreemannarayana et al., 1988). Therefore, OTA may
affect the intestinal microbiota, and OTA toxicity in
the intestinal tract may be stronger than that in other
tissues.
Prevalence of OTA

As one of the most common toxins in food or feed,
OTA is widely found in cereals (Mario et al., 2009), cof-
fee, wine, dried fruits, nuts (Fink-Gremmels, 2005;
Gagliano et al., 2006), herbal medicines (tangerine seeds,
92.3 mg/kg; Trichosanthis Semen, 6.05 ng/g; milk this-
tle, 10 mg/kg (Shim et al., 2014; Veprikova et al., 2015;
Chen et al., 2015), food coloring agents (1.16–
32.00 mg/kg), plant food supplements (1.16–20.03 mg/
kg) (Solfrizzo et al., 2015), bottled water (0.2 ng/L)
(Mata et al., 2015), and fresh sweet peppers (29.5 mg/
kg) (Gambacorta et al., 2018). Among 87 human milk
samples, 84 (96.6%) samples were positive for OTA at
a mean level of 24.57 6 13.6 ng/L, and 14 (16%) were
positive samples with the maximum limit of 40 ng/L
for ochratoxin (Parvin et al., 2014). An investigation
showed that the probability of OTA detection in fresh
sweet peppers was 51%, and the average content of
OTA was 29.5 mg/kg (Gambacorta et al., 2018). The
wide occurrence of OTA and its high thermal stability
make the eradication of OTA from the food chain very
difficult (Frantisek et al., 2016). OTA is also found in
feed and feedstuffs. A study showed that OTA in mixed
feed and feedstuffs used in some laying hens was found to
be positive in 64 of the 89 samples analyzed (Gumus
et al., 2018). In another study from South America pub-
lished by Magnoli et al. (2007), OTA was present at a
mean level of 25 to 30 mg/kg in poultry feedstuffs. Myco-
toxins may remain in the tissues and eggs of poultry-fed
moldy feed. Among 115 chicken meat and 80 egg sam-
ples, 41% of meat samples (average content of OTA
was 1.41 6 0.70 mg/kg), and 35% of the egg samples
were positive for OTA (average content of OTA was
1.17 6 0.42 mg/kg) (Iqbal et al., 2014), and the residues
of OTA in eggs consistently increased with time and
reached a maximum (7.396 6 1.03 ng/g) at day 21 of
toxin feeding with 5 mg of OTA/kg of feed (Hassan
et al., 2012a). The OTA residue in eggs may harm the
offspring, which was confirmed by Hassan et al.
(2012b). After 2 wk of OTA administration in ducks
(235 mg/kg body weight), the OTA residue concentra-
tions in the kidney, cecum, liver, pectoral muscle, duo-
denum, jejunum, ileum, and leg muscle were 1.59, 0.94,
0.92, 0.54, 0.42, 0.41, 0.32, and 0.20 ng/kg, respectively
(Wang et al., 2019). According to the these results,
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OTA residues were quite high in the intestine, especially
in the cecum. These findings partly explain the entero-
toxicity of OTA.
Limitation of OTA in Feed

Due to its toxic properties, OTA is subject to legal
regulation at both the national and international level.
However, to date, only a nonbinding recommendation
exists for OTA levels in cereal feed and feed for poultry
in the European Union (Commission Recommendation
2006/576/EC of 17 August 2006 on the presence of
OTA in products intended for animal feeding, see
Table 1) (European Union, 2006), and the limit for
OTA in poultry feed is 0.10 mg/kg.
Sensitivity of Animals to OTA

Different animals have different sensitivities to OTA.
Normally, young animals are more sensitive to OTA
than mature ones due to the incomplete development
of organs (Sherif et al., 2009; Adetunji et al., 2017). A
study has shown that when 1-day-old ducks were fed
OTA for 6 d, the median lethal dose (LD50) of the ducks
was 0.5 mg/kg body weight (Van Der Merwe et al.,
1965), while when 1-day-old Babcock B-300 cockerels
were fed OTA for 7 d, the LD50 was 3.3 mg/kg body
weight (Peckham et al., 1971). The comparative acute
and oral toxicity of OTA for 3-day-old avian species is
presented. The 7-day LD50 values for White Leghorns,
turkeys, and Japanese quail were 3.4 6 0.19,
5.9 6 0.72, and 16.5 6 0.56 mg/kg body weight, respec-
tively (Prior et al., 1976). The LD50 for rats was 22 mg/
kg for males and 20 mg/kg for females (Purchase et al.,
1968). From these results, compared with mammals,
poultry are considered to be more sensitive to OTA.
Therefore, researchers should determine the effect of
OTA on poultry health, especially on intestinal health,
and pay attention to the contamination of OTA in
poultry feed and feedstuff.
GIT

The GIT is responsible for food ingestion, digestion,
energy and nutrient absorption, immune responses,
and elimination of waste products (feces) (Pietro et al.,
2017). GIT is a muscular tube forming a continuous pas-
sage that is lined by a mucous membrane consisting of 4
Table 1.Guidance values for ochratoxin A un
576/EC as in force.

Feed

Feed materials—cereals and cereal
products
Complementary and complete feedstuffs
Complementary and complete feedstuffs
for pigs
Complementary and complete feedstuffs
for poultry
layers. All segments of the GIT are divided into 4 layers:
the mucosa (epithelium, lamina propria, and muscular
mucosa), the submucosa, the muscularis propria (inner
circular muscle layer, intermuscular space, and outer
longitudinal muscle layer), and the serosa (Jaladanki
andWang, 2016). The entire mucosa rests on the submu-
cosa, beneath which is the muscularis propria. The
outermost layer is named the serosa. The complex infold-
ings at the mucosal layer form an immense surface area
for most efficient nutrient absorption. The submucosa
contains arteries, veins, inflammatory cells, lymphatics,
autonomic nerve fibers, and ganglion cells. The muscula-
ris mucosa is a thin layer of smooth muscle that forms
the basis of the peristalsis. The serosa is made of connec-
tive tissue that contains blood vessels, nerves, and fat.
The innermost epithelial layer of the mucosa is of vital
importance for intestinal barrier function. The intestinal
epithelium is one layer of thin cells lining the gut lumen.
The epithelium contains enterocytes, enteroendocrine,
and goblet cells at villi, whereas Paneth cells are located
under crypts (Fink et al., 2016). The epithelium serves as
a barrier to block the entry of harmful agents such as
pathogens, toxins, and foreign antigens. In addition, it
plays an important role in nutrient absorption, including
that of electrolytes, dietary nutrients, and water via its
selective permeable membrane (Constantinescu and
Chou, 2016). Each IEC is connected by desmosomes,
tight junctions (TJs), and adherent junctions. The
adherent junctions and desmosomes are responsible for
the mechanical linkage of adjacent cells. TJs control
the intercellular space and regulate selective paracellular
ionic solute transport (Capaldo et al., 2014).

Modulation of Digestive and Absorptive
Processes by OTA

The absorption of OTA starts from the stomach, and
occurs mainly in the proximal jejunum. It enters IECs by
passive diffusion, mainly by nonionic absorption, and en-
ters the blood circulation to reach all tissues and organs
of the body (Grenier and Applegate, 2013). The effect of
mycotoxins on nutrient and energy digestibility has been
documented. OTA in combination with aflatoxin had a
more pronounced effect on the metabolizable energy con-
tent of the diet than the toxin in feed alone, and this
reduction occurred through a significant increase in the
maintenance energy requirement of hens (Verma et al.,
2007). Razafimanjato et al. (2010) found that OTA
der Commission Recommendation 2006/

Guidance value in mg/kg relative to
feedstuffs with a moisture content of 12%

0.25

0.05

0.10
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inhibited the absorption of glutamate by decreasing the
expression of glutamate/aspartate transporter and
glutamate transporter at the cell surface. Feeding meat
ducks with OTA-contaminated diets decreased the con-
tent of alanine, leucine, and glutamate in plasma, down-
regulated the expression of sodium-dependent glutamate
transporter 1 mRNA in the jejunum, and decreased the
mRNA expression of cationic amino acid transporter 1,
excitatory amino acid transporter 4, and peptide trans-
porter (Ruan, 2018). These results indicated the neces-
sity for considering not only the OTA contamination
in evaluating their effect on poultry health and perfor-
mance, but also the possible physicochemical alterations
of feedstuffs due to the OTA contamination. More
studies should focus on the effect of OTA on nutrient di-
gestibility and nutrient requirements of animals under
mycotoxin contamination.

OTA Destroys Intestinal Barrier Integrity

IECs have 2 crucial but conflicting functions. On one
hand, they transport nutrients and fluids; on the other
hand, they restrict the access of luminal antigens to
the internal milieu. They form a monolayer that consti-
tutes a dynamic and selective barrier and mediates the
transport of molecules in 2 ways: either across the cells
(i.e., the transcellular pathway) or between the cells
(i.e., the paracellular pathway) (Grenier and
Applegate, 2013). When OTA are introduced into or-
ganisms from food, they first interact with the GIT.
The TJs in the intestinal epithelium are important bar-
riers for maintaining intestinal epithelial permeability,
which is greatly assisted by TJ proteins that prevent
harmful substances from entering the body andmaintain
the structural integrity of TJs (Buckley and Turner,
2018). Many studies have shown that OTA can destroy
intestinal barrier integrity by suppressing TJ proteins,
such as occludin, zonula occludens-1, and claudin-1, in
poultry (Ruan et al., 2019; Wang et al., 2019; Yang
et al., 2020). The increase in intestinal permeability, in
turn, promotes the translocation of bacteria (Kelly
et al., 2015). Together, OTA could destroy TJs, such
as downregulating the expression of TJ genes and pro-
teins and increasing the serum lipopolysaccharide con-
tent, thus increasing the gut permeability. The
increased gut permeability may subsequently enable
the translocation of harmful stressors, particular bacte-
ria (commensals and pathogens), from the gut lumen
to the internal environment and eventually cause harm
to animals.

OTA Damages the Intestinal
Histomorphology

The intestine is the largest mucosal tissue, and plays
an important role in immune homeostasis. Mucus secre-
tion by goblet cells is significant for the maintenance of
mucosal homeostasis, which helps to maintain intestinal
homeostasis (Johansson and Hansson, 2016; McGuckin
and Hasnain, 2017). Although the kidney is the main
target for OTA-induced toxicity, histological abnormal-
ities and lesions of the GIT have been reported. In
chickens, a decrease in villus height was observed in com-
bination with an increase in necrosis and apoptosis of
IECs with prismatic epithelium and alterations of brush
border (Solcan et al., 2015). Ducks fed a diet containing
2 mg/kg OTA showed villous blunting and epithelial
denudation along with a related decrease in villous
height and increase in the depth of crypts (Figure 2A,
Ruan, 2018). Similar studies have confirmed this result
by Tong et al. (2020) (Figure 2B) and Malekinezhad
et al. (2020) (Figure 2C). They reported that OTA
decreased the villus height/crypt depth ratio and goblet
cells of duodenum, jejunum, and ileum, and the cecum
was inflated and bleeding, and a small amount of intes-
tinal mucosa was detached in broilers. Alteration of in-
testinal histomorphology could reduce nutrient
absorption, and the decrease in goblet cells rendered
the gut vulnerable to infection. OTA exerts its effect
on the gut via reduction of nutrient absorption, disrup-
tion of intestinal permeability, and modulation of the
immune system.
OTA and Gut Immunity

The first expression of OTA toxicity is immunosup-
pression, which may become clinically apparent before
nephropathy is manifested (Aleo et al., 1991). The gut
is the first defense barrier against various types of
contamination in food (Grenier and Oswald, 2011);
therefore, compared with other tissues, it is exposed
to mycotoxins at higher concentrations upon inges-
tion of contaminated food (Marie-Caroline et al.,
2016). Furthermore, immune cells of the gut-
associated lymphoid tissue are more numerous than
those of other secondary lymphoid tissues contained
in the whole body, and the intestine plays an impor-
tant role in immunity in the host (Castro and
Arntzen, 1993). Seven-day-old male broiler chickens
(Ross 308) were administered 20 and 50 mg/kg body
weight OTA by gavage. After 14 d of exposure,
OTA reduced the lymphocyte population in the intes-
tinal epithelium and the lamina propria, and
increased the CD41 and CD81 values in both the du-
odenum and jejunum after 28 d of administration
(Solcan et al., 2015). OTA is a fungal metabolite
with immunomodulatory effects. A study has sug-
gested that OTA induces the secretion of proinflam-
matory cytokines, such as IL-1b and tumor necrosis
factor a, in the jejunum of Pekin ducklings; moreover,
OTA reduces the production of the anti-inflammatory
factor IL-10 and decreases the IgA content in the
jejunum (Ruan, 2018). A similar result was confirmed
by Tong et al. (2020), who demonstrated that 1-day-
old broiler chickens fed 50 mg of OTA/kg body weight
show upregulated mRNA expression of IL-1b and tu-
mor necrosis factor a and induced the phosphoryla-
tion of nuclear factor kB. The OTA group had a
severely congested lamina propria of the intestine, in
filtrated lymphocytes; several necrotic epithelial cells;



Figure 2. OTA damages the intestinal histomorphology. (A) Ducks fed diets with different doses of OTA showed villous blunting and epithelial
denudation in the jejunum, compared with the controls (magnification, 200!; scale bar, 200 mm;Ruan, 2018). (B)Detection of pathological changes in
duodenum, jejunum, and ileum tissue (magnification, 5!; scale bar, 500 mm). The arrows “/” indicate a intestinal pathological damage or breakage of
broiler chickens received 50 mg of OTA/kg body weight/day for 21 d (Tong et al., 2020). (C) Histological structures of the ileum at 42 d of age (magni-
fication, 5!): negative control diet with normal epithelial cells in the apical region of villi; (D) diet contaminated with OTA; the villus height was
decreased and the apical region of epithelial cells was shedding (Malekinezhad et al., 2020). Abbreviation: OTA, ochratoxin A.
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and the intestinal villi were short, thick, and edema-
tous at various degrees. The effect of OTA on gut im-
munity is summarized in Table 2. These results
suggested that OTA is cytotoxic to the intestinal
epithelium and mucosa-associated lymphoid tissue,
altering the intestinal barrier and increasing suscepti-
bility to various associated diseases.
GUT MICROBIOTA

The gut microbiota represents an ensemble of micro-
organisms including bacteria, viruses, and fungi, that
are harbored within the GIT of living organisms. The
gut microbiota is found in virtually every metazoan,
from invertebrates to vertebrates, and it affects

mailto:Image of Figure 2|eps


Table 2. OTA and gut health (absorption, barrier integrity, and immunity).

Gut function Subjects Dose Time Results Reference

Absorption HT-29-D4 cells 100 mmol 48 h Na1-dependent glucose absorption was
inhibited by 60 6 4%

Maresca et al., (2001)

Cortical astrocytes 10 mmol 72 h OTA could inhibit the absorption of
glutamate by decreasing the expression of
GLAST and GLT-1 at the cell surface

Razafimanjato
et al., (2010)

1-day-old ducklings 2 mg/kg diet 21 d OTA downregulated the expression of
SGLT1, CAT1, EAAT, and PepT1mRNA
in jejunum, and decreased the expression

Ruan (2018)

Barrier
integrity

1-day-old ducklings 2 mg/kg diet 21 d OTA decrease the expression of occludin
and tight junction protein 1 at the level of
transcription and protein in jejunum

Ruan et al., (2019)

7-day-old ducklings 235 mg/kg
body weight

14 d OTA decreased the expression of occludin
and tight junction protein 1 at the level of
transcription and protein in cecum, and
increased the serum LPS content

Wang et al., (2019)

1-day-old white
feather broilers

50 mg/kg
body weight

21 d OTA decreased expressions of claudin-1,
occludin and ZO-1 at the mRNA level, and
decreased the expression of claudin-1 at the
protein level

Yang et al., (2020)

Immunity Male broiler chickens
(Ross 308)

20 and 50 mg/kg
body weight

28 d OTA reduced the lymphocyte population
in the intestinal epithelium and the lamina
propria, and increased the CD41 and
CD81 values in both the duodenum and
jejunum after 28 d of administration

Solcan et al., (2015)

Ducklings 2 mg/kg diet 21 d OTA induced the secretion of IL-1b and
TNF-a in the jejunum and decreased the
IgA content in the jejunum

Ruan (2018)

1-day-old broiler
chickens

50 mg of OTA/kg
body weight/d

21 d OTA could upregulate the mRNA
expression of IL-1b, TNF-a and induce
phosphorylation of NF-kB

Tong et al., (2020)

Abbreviations: CAT1, cationic amino acid transporter 1; EAAT, excitatory amino acid transporter; GLAST, glutamate/aspartate transporter; GLT-1,
glutamate transporter 1; LPS, lipopolysaccharide; NF-kB, nuclear factor kB; OTA, ochratoxin A; PepT1, peptide transporter 1; SGLT1, sodium-
dependent glutamate transporter 1; TNF, tumor necrosis factor; ZO-1, zonula occludens 1.
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numerous physiological functions of the intestine (Lee
and Hase, 2014; Subramanian et al., 2014; Ren et al.,
2016; Thaiss et al., 2016). The gut microbiota is linked
to the pathogenesis of various diseases through the activ-
ity of the microbiome or its metabolic products (Louis
et al., 2014; Qin et al., 2014; Anhê et al., 2015;
Ponziani et al., 2019).
Composition and Functions of the Gut
Microbiota

The composition of the gut microbiota varies signifi-
cantly with the relative ratios of dominant phyla,
genera, and species. In particular, stable and healthy
gut microbiota is generally indicated by a rich diversity
of gut bacteria (Mosca et al., 2016). The majority of the
gut microbiota is composed of strict anaerobes, which
dominate the facultative anaerobes and aerobes by 2 to
3 orders of magnitude (Gordon and Dubos, 1970;
Savage, 1970; Harris et al., 1976). Adult poultry intesti-
nal microbiota are dominated by 2 phyla, Bacteroidetes
and Firmicutes, whereas the Actinobacteria (including
Bifidobacterium spp.), Proteobacteria (including
Escherichia coli and Enterobacteriaceae family mem-
bers), and Verrucomicrobia (including Akkermansia
muciniphila) phyla are present only in minor proportions
(Wang et al., 2017; Zhai et al., 2020). The concentration
and microbial diversity of the gut microbiota increase
from the duodenum to distal colon segments. At the
population level, the microbiota is generally stable and
selected by evolution (Ochman et al., 2010; Jalanka-
Tuovinen et al., 2011). However, commensal microbiota
can be qualitatively and quantitatively modulated by
the environment (Huttenhower et al., 2012). Diet plays
an important role in shaping the gut microbiota
(Salonen et al., 2014; Frese et al., 2015). Moreover, ge-
netic background, diseases such as inflammatory bowel
disease (Zhang et al., 2017), nonalcoholic fatty liver
(Roy et al., 2012), obesity (Kallus and Brandt, 2012),
and type 1 diabetes (Vaarala et al., 2008), genetic back-
ground (Goodrich et al., 2016), the mental health condi-
tion (stress) of the host (Karl et al., 2017), sports (García
et al., 2014), and mycotoxin (Piotrowska et al., 2014;
Wang et al., 2015) can also alter the composition and
proportion of the gut microbiota.
Impact of OTA on the Gut Microbiota

The gut microbiota represents an important bridge
between environmental substances and host meta-
bolism. Findings showed that the gut microbiota, partic-
ularly in animals, has profound interactions upon the
ingestion of mycotoxins. Indeed, the absorption rate of
OTA varies from animals to humans (e.g., 66% in pigs,
56% in rabbits, and 40% in chickens [Galtier et al.,
1981]). This indicates that most OTA are not absorbed,
and thus reach the hindgut and interact with the intes-
tinal microbiota, especially in poultry, which presents a



Table 3. Ochratoxin A and gut microbiota.

Subjects Dose Time Results Reference

1-day-old broilers 50 mg/kg body wight 21 d OTA decreased the richness and diversity
of cecum microbiota

Yang et al., (2020)

7-day-old ducklings 235 mg/kg body wight 14 d OTA decreased the richness and diversity
of cecum microbiota and increased the
relative abundance of cecum Bacteroides

Wang et al., (2019)

1-day-old ducklings 2 mg/kg diet 21 d OTA increased the relative abundance of
cecum Bacteroides and decreased the
butyric acid producing bacteria

Zhai et al., (2020)

Abbreviation: OTA, ochratoxin A.
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low absorption rate. However, few studies have focused
on the interaction between OTA and the gut microbiota.
Evidence of disturbance to gut microbiota modulation
induced by OTA has been summarized inTable 3.
The fate of OTA during colon digestion was investi-

gated using a dynamic simulator of the human gut
(Ouethrani et al., 2013). In previous research, gut micro-
biota degradation of OTA and microbiota diversity
alteration were observed only in the descending colon af-
ter 1 wk of exposure to OTA, and OTA caused a specific,
but lasting, loss of the beneficial species Lactobacillus
reuteri (Ouethrani et al., 2013). Studies in broilers and
ducks suggested that OTA decreased the richness and
diversity of the cecum microbiota and induced intestinal
TJ injury (Wang et al., 2019; Yang et al., 2020). Our lat-
est research confirmed these results, which increased the
relative abundance of cecum Bacteroides, in ducks fed
OTA-contaminated diets (Zhai et al., 2020). Although
Bacteroides (gram-negative bacteria) is often associated
with leanness and other desirable health traits
(Turnbaugh et al., 2006; Ridaura et al., 2013), some of
its strains (e.g., Bacteroides fragilis, Bacteroides vulga-
tus, and Bacteroides dorei) have been linked to abdom-
inal infections, metabolic disease, and inflammation (De
Palma et al., 2010; Davis-Richardson et al., 2014). This
outcome may further suggest that OTAmay cause nega-
tive effects on host health via gut microbiota modula-
tion. Moreover, the elevated bacterial strains may have
some tolerance to OTA and may be able to degrade or
absorb OTA. However, few studies have reported effects
of OTA on gut microbiota and microbiota metabolites,
especially with chronic exposure at safe doses. Therefore,
this area of research needs to be addressed further. More-
over, evaluating the variations in microbial functions
such as signal transduction and metabolism by tran-
scriptomics and/or metabolomics might provide great
opportunities to assess the impact of OTA on gut health
and the development of bacteria and metabolites regu-
lating OTA-induced intestinal injury.
CONCLUSION

All of the issues raised herein indicate the necessity for
determining the deleterious effects of ingested OTA on
the epithelium, mucosa, and microbiota of poultry.
The gut microbiota can vary within the same species;
thus, different results regarding OTA can be observed,
as discussed in this article. However, a common conse-
quence is that OTA disrupts the TJs and the gut
microbiota balance and thereby dysregulates intestinal
functions and impairs local immune response, which
may eventually result in systemic toxicity that leads to
chronic mycotoxicosis, such as liver inflammation. It
will be interesting to study if the pathogenesis of OTA-
induced disease in other organs (e.g., brain and kidney
injury) depends on the intestinal microbiota.

Although there are many studies on the effects of
OTA on the gut health of poultry, the types of gut mi-
crobes or metabolites affected by OTA and thus the
harm they cause to gut health are not known. Whether
there is a maternal effect of OTA on gut health has
not been studied. In addition, the effects of chronic expo-
sure to a safe OTA dose in poultry should not be under-
estimated. This review highlights the important role of
the gut microbiota in OTA-induced gut injury in
poultry, which may open a new path to novel preventa-
tive or therapeutic interventions for mycotoxicosis, such
as regulating the intestinal microbiota and improving
the intestinal barrier with probiotics.
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