New challenges related to multimycotoxic nature of some foodborne
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hazard for animals or humans
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The mycotoxins content in various foods and feeds presents a serious health
problem for animal and humans in many developing- as well as developed
countries in all over the world. Most of mycotoxins are toxic secondary metabolites
produced by certain fungi in agricultural products susceptible to mold infestation.
Their production is unavoidable and depends on different environmental factors in
the field and during the storage. The discovery of new mycotoxins and
simultaneous co-contamination of known mycotoxins is occurring at a high
rate; and although definitive evidence on the effect of mycotoxins on human
diseases is limited, there is considerable evidence to support the association
between
mycotoxins
and
certain
animal
syndromes.

Table 1: Maximum permited content of mycotoxins in feedstuffs (EC Directive 2002/32/EC, and EC
Recommendations 2006/576/EC and 2013/165/EU)
Mycotoxins

Animal feeds

Aflatoxin B1

-Complete feedingstuffs for cattle, sheep and goats with exception of:
 Complete feedingstuffs for dairy animals
 Complete feedingstuffs for calves and lambs
-Complete feedingstuffs for pigs and poultry (except young animals)
-Cereals and cereal products
-Complete and complimentary feedstuffs with exception of:
-Complete and complimentary feedstuffs for pigs
-Complete and complimentary feedstuffs for poultry
-Cereals without maize by-products
-Maize by-products
-Complete and complimentary feedstuffs with exception of:
 Complete and complimentary feedstuffs for pigs
 Complete and complimentary feedstuffs for calves, lambs and kids
-Cereals without maize by-products
-Maize by-products
-Complete and complimentary feedstuffs for calves, dairy cattle, sheep
(including lamb) and goats (including kids)
-Complete and complimentary feedstuffs for piglets, gilts (young sows)
-Complete and complimentary feedstuffs for sows and fattening pigs
Maize by-products
-Complete and complimentary feedstuffs for pigs, Equidae, rabbits
-Complete and complimentary feedstuffs for poultry, calves, lambs, kids
-Complete and complimentary feedstuffs for adult ruminants and mink
-Complete and complimentary feedstuffs for fish
-Unprocessed barley (including malting barley) and maize
-Unprocessed wheat, rye and other cereals
-Unprocessed oats (with husk)
-Oat milling products (husks) for feed and compound feed
-Other cereal products for feed and compound feed
-Compound feed, with the exception of feed for cats
-All feedingstuffs containing unground cereals

Ochratoxin A

Deoxynivalenol

Zearalenone

Fumonisins
B1 + B2

T-2 + HT-2

Rye ergot

Max. content
mg/kg (ppm)
0.02
0.005
0.01
0.02
0.25
5
0.05
0.1
8
12
5
0.9
2
2
3
0.5
0.1
0.25
60
5
20
50
10
0.2
0.1
1
2
0.5
0.25
1000

Table 3. Tolerable Daily Intake (TDI) values of mycotoxins (EC Regulation No 1881/2006 and EC
Recommendation 2013/165/EU)
Mycotoxins
Aflatoxin B1
Aflatoxin M1
Ochratoxin
Patulin
Fumonisins
Deoxynivalenol (DON)
Zearalenone
T-2 or HT-2 toxins
T-2 + HT-2 toxins
Nivalenol

TDI per kg b.w. (µg/kg b.w.)
less than 0.001 - 0.01 (the lower dose concerns carcinogenic effect)
0.01 (or 10 times lower carcinogenic effect than Aflatoxin B1)
0.0002 - 0,014 (the lower dose concerns carcinogenic effect)
0.4
2
1
0.2
0.06
0.1
0.7

Foodborne
mycotoxicoses

However the hazard for animals or
humans & risk assessment are often
underestimated having in mind:
Joint mycotoxins exposure in low
contamination levels is very dangerous

Masked mycotoxins are often underestimated

Mycotoxin interaction & synergism is neglected

That’s why Tolerable Daily Intakes
should be lower & appropriate hygiene
control should be realized

The molds and mycotoxins have been associated with a
variety of livestock diseases including:

Ergotism, known in humans as St. Anthony’s fire
Various kinds of Fusariotoxicoses as:
-Equine leukoencephalomalacia
-Porcine pulmonary oedema
-Alimentary toxic-aleykiya
Aflatoxicosis,
Mycotoxic porcine/chicken nephropathy,
Stachybotryotoxicosis,
and many others

The multi-mycotoxic nature of some mycotoxicoses
•Various mycotoxic diseases in the Balkans, Europe and Africa often have multimycotoxic natures being provoked by combined effect of many mycotoxins.

•For example mycotoxic nephropathy in Bulgaria and Africa has a different multimycotoxic nature as compared to the classical mycotoxic nephropathy, described
previously for the first time in Danmark. The mycotoxins involved are; ochratoxin A,
Penicillic acid, Fumunisin B1, in addition to not yet identified mycotoxin (UM). Some
other nephrotoxic mycotoxins with lower importance as citrinin, DON, penitrem A,
xanthomegnin, cyclopiazonic acid, etc, may also influence clinicopathological picture of
these nephropathies. A heavy contamination with Gibberella fujikuroi and Penicillium
aurantiogriseum complex (mainly Penicillium polonicum) was observed in almost all
examined feed samples coming from pig farms with nephropathy problems from
Bulgaria and South Africa.
•Various other mycotoxicoses as these ones provoked by F. graminearum and F.
culmorum produced nivalenol, zearalenone (ZEA), deoxynivalenol (DON - vomitoxin),
T-2 toxin, HT-2 toxin (HT2), diacetoxyscirpenol (DAS), fusarenon-X (FUX), neosolaniol
(NS) or some other fungi as F. sporotrichiella and F. poae produced mainly T-2 toxin
(T-2), diacetoxyscirpenol (DAS), or F. moniliforme and F. proliferatum produced
mainly moniliformin, Fusariocin C, Fusarin C, Fumonisin B1, or Stachybotrys alternans
produced mainly satratoxins, verrucarins, roridins or Claviceps purpurea produced
mainly ergometrine, ergine; ergotamine, ergosine, ergosecaline, ergocristine,
ergocryptine, histamine and acetylcholine, also have multimycotoxic origin.

Fusariotoxicoses caused by F. sporotrichiella and F. poae,
as less attention is given to: F. tricinctum and F. cladosporium

Produced mycotoxins: T-2 toxin and DAS (Diacetoxyscirpenol) - are highly cytotoxic,
immunosuppressive and genotoxic activity, accumulate in the body.
Sensitive Species: all animals and people, intoxication occurs after feeding on feed made from
grain, and hay or straw, wintering in the open. Poisoning in humans is known as alimentary toxicaleykiya.
Finding: Toxins have a local irritant effect and cause serous-haemorrhagic inflammation, necrosis
and ulceration in the digestive tract, dystrophy in liver, kidney, heart, brain and peripheral ganglia of
the vegetative nervous system, damages are seen in the blood vessel wall and hemorrhagic
diathesis is provoked
Horses - in addition to the described symptoms an ulceration and necrosis of the mouth mucosis,
gray-white coatings on the tongue and palate, spasms and tremors of some muscles, and
sometimes paresis of hind limbs are seen.
Pigs - along with serous-haemorrhagic-necrotic-ulcerative inflammation of the digestive tract and
necrosis are established on the snout, lips and tongue, edema and mucous coatings on the mucosa
of the stomach, swelling in the region of head, especially around the eyelids and larynx, rarely
paresis paralysis are seen.
Ruminants - lesions in the oral cavity are weaker - only hyperaemia and edema of the oral mucosa
are seen, whereas hyperaemia and haemorrhagiae on the mucosa of abomasus are often present.
Tremors and paralysis of hind limbs are seen, but the haemorrhagic diathesis is less pronounced.
Birds - serous-haemorrhagic-necrotic-ulcerative inflammation of digestive tract with thickening of
the mucosa, lurching gait/step, refusal of food due to oral lesions.
In Pathohistological survey a fatty changes/dystrophy and strong granular degeneration in the
liver, kidneys and rarely in the heart are seen. Necroses in the digestive tract are superficial and
surrounded by demarcation zone. In chronic stage, interstitial nephritis, kidney sclerosis and
glomerulonephritis are seen, and the necroses in the stomach and intestines become profound.

Fusariotoxicoses caused by F. graminearum and F. culmorum

Moulds grow during prolonged wet and cool weather in the grains of cereals before harvest, as affected by
fungus seeds are wrinkled, with +pink spots on them and are friable/brittle (smut, rust, dust-brand).
Produced mycotoxins: A.) trichothecene mycotoxins (TM) - 150 species of trichothecenes more
common of which are: nivalenol, deoxynivalenol (DON - also known as vomitoxin), T-2 toxin (T-2),
diacetoxyscirpenol (DAS), fusarenon-X (FUX), HT-2 toxin (HT2), neosolaniol (NS).
B.) Zearalenone (F2-toxin) - highly estrogenic mycotoxin especially for pigs and sheep.
Primarily responsible for intoxication are DON and in less extent nivalenol - having strong cytotoxic,
neurotropic, emetic, and immunosuppressive action.
Pigs - vomiting, diarrhea, paresis of hind limbs, internal organs degeneration, gastrointestinal lesions, the
secondary infections (due mainly to DON).
After a continued ingestion of such feed - the estrogenic effects are seen – the abortions or unviable
offspring, infertility, atrophy of ovary follicles, mammary gland enlargement, endometritis, and in male pigs
testicular atrophy, balantopostitis (inflammation of the glans of the penis), deterioration of sperm and
decreased libido are seen (due to zearalenone) // in 3-5 month pigs – many vulvovaginites accompanied
by massive swelling of the vulva and vaginal or rectal prolapses (due to Zearalenone - after a prolonged
ingestion) // in the aborted fetuses - intense hyperemia and haemorrhages in internal organs, yellow
colour of the liver.
Sheep - hyperestrogenism and changes in the genital system (vulvovaginitis, prolapse of the vagina and
rectum) are similar to these in pigs.
We should have in mind that hyperestrogenism (vulvovaginitis, prolapse of the rectum and vagina,
etc.), due to the high content of zearalenone in feed usually occurred after a longer period of
exposure to such moulded feed, whereas the first sign of fusariotoxicosis caused by Fusarium
graminearum and Fusarium culmorum are usually associated with cytotoxic (gastrointestinal
changes and degenerative lesions in internal organs), neurotropic (paresis of hind limbs), emetic
(vomiting), and immunosuppressive (secondary bacterial infections) effect of DON.
Horses and cattle - intoxication occurs less frequently after taking higher doses of toxin - a strong
nervous excitement, staggering, tremors and diarrhea.
Birds - catarrhal gastroenteritis, paresis of the limbs, degeneration in internal organs

F. graminearum и F. culmorum
Moulds grow during prolonged wet and cool
weather in the grains of cereals before harvest, as
affected by fungus seeds are wrinkled, with pink
spots on them and are friable/brittle (smut, rust,
dust-brand).

Fusariotoxicosis in 3-5 month pigs caused by F. sporotrichiella or F. poae – many
vulvovaginites accompanied by massive swelling of the vulva and vaginal or rectal
prolapses (due to Zearalenone - after a prolonged ingestion)

Fusariotoxicoses caused by F. moniliforme and F. proliferatum

Fusarium moniliforme and Gibberella fujikuroi (sexual stage) is a mould that develops
mainly in maize and some other cereals at high humidity and heat.
Produced mycotoxins: moniliformin, Fusariocin C, Fusarin C, Fumonisin B1, B2, B3)
Moniliformin - causes acute intoxication mainly in small chickens and ducklings (a
few days old), characterized by progressive muscle weakness, haemorrhagic diathesis,
breathing difficulties and cyanosis. The same toxin does not possess mutagenic activty
and does not cause LEM in horses.
Fusariocin C - has also cytotoxic and mutagenic properties.
Fusarin C - has strong mutagenic properties, induces sister chromatid exchange and
chromosomal aberrations.
Fumonisin B1, B2 - causing Leukoencephalomalacia (LEM) in horses, donkeys
and mules, (mainly provoked by FB1 and less importance is given to FB2) – these
mycotoxins damage lipid biosynthesis and are highly carcinogenic. The clinic is
characterized by neurological symptoms, drowsiness, impaired vision, paralysis of the
pharynx, the lurch, circular motion. Pathological finding - the brain folds become flatter,
appear foci of softening (coliquation) in the white substance of the brain - the pale and
sunken areas on cut surface with numerous haemorrhages, edema around the centers
of softening, icterus and degeneration in the liver. Pathohistological findings revealed
oedematous changes and coliquative necrosis in the white substance of the brain
hemispheres and spinal cord especially along the blood vessels. In coliquative foci there
are irregular cavities caused by liquefaction of brain tissue due to increased permeability
of vascular wall. Pigs are more resistant to fumonisin B1. The main change in pigs is a
strong pulmonary edema.

Moldy maize was found to be the main cause of this disease in horses and pigs,
including death in many horses more than 150 years ago and this was subsequently
associated with the presence of Fusarium moniliforme (F. verticillioides), but the
mycotoxins responsible for these diseases, the fumonisins, were not well known until the
1980’s (Bezuidenhout et al., 1988; Gelderblom et al., 1988). The importance of
fumonisin B1 increased significantly after a number of outbreaks of equine
leukoencephalomalacia (Conkova et al., 2003) and porcine pulmonary oedema killing
many horses and pigs, fed on diets containing fumonisin-contaminated maize in the U.S.
during 1989 and 1990 (Marasas, 2001), which appeared to be due to the alteration of
vascular function and endothelial cell permeability provoked by disruption of
sphingolipid metabolism (Ramasamy et al., 1995). It is worth mentioning that the main
concern for human health in regard to aflatoxins, ochratoxin A and fumonisins in
developed countries appeared to be their carcinogenic or genotoxic effects rather
than their acute effects.
Although fumonisin B1 was first discovered in connection with oesophageal cancer in
South Africa (Marasas et al., 1988) and was shown to be a liver carcinogen in rats
(Gelderblom et al., 1992), it is also a nephrotoxin (Bucci et al., 1998; Howard et al.,
2001), and that is why it is suspected to be involved in human and animal nephropathies
in Bulgaria and South Africa, as recently found (Stoev et al., 2010a,b).
When pregnant women are exposed to high levels of fumonisins in their diet, the risk of
having a child with a birth defect of the brain or spinal cord increases significantly.
Several studies suggested that maternal ingestion of high levels of fumonisin B1 among
human populations during early pregnancy may increase the risk of neural tube
defects (NTDs) such as brain and spinal cord defects (van Waes et al., 2005; Missmer
et al., 2006)

Moulded maize by Fusarium fungi

Fig 4 – Necropsy. Slightly pale colour of kidneys due to denerative changes. Kidneys of pig given FB1. Pig 1893.
(Experiment done in University of Kaposvar with pigs exposed to 20 ppm FB1)

Fig 8 – Necropsy. Slight hyperaemia in the brain envelopes. Brain of pig given FB1. Pig 1887
(Experiment done in University of Kaposvar)

Fig 20 – Necropsy. Thickened interstitial tissue suggesting for interstitial oedema in the lung. Lung of pig given
FB1. Pig 1882. (Experiment done in University of Kaposvar)

Fig…Edema and hyperaemia in the brain envelopes (green arrow). Vacuolization or colliquative (lytic) changes
under the brain envelopes (yellow arrow). Brain of pig given FB1. Pig 46. (Experiment done in U. of Kaposvar)

Fig…Vacuolization (green arrow) or colliquative changes (liquefaction - yellow arrow) under the brain envelopes.
Perivascular edema (blue arrow). Brain of pig given FB1. Pig 45. (Experiment done in University of Kaposvar)

Fig….Perivascular and pericellular edema (yellow arrow). Lytic changes in some of the neurons and glia cells
(blue arrow). Brain of pig given FB1. Pig 31. (Experiment done in University of Kaposvar)

Fig…Edema and slight lytic changes in the region of the Purkinje's cells (yellow arrow). Perivascular oedema in
molecular layer (green arrow) Cerebellum of pig given FB1. Pig 46. (Experiment done in University of Kaposvar)

Colliquative changes in granular (green arrow) and molecular (blue arrow) layers. Cerebellum of pig given FB1.
Pig 45. (Experiment done in University of Kaposvar)

Fig 35.. Oedema and accumulation of serous fluid in the interlobular tissue. Lung of pig given FB1. Pig 1886.
(Experiment done in University of Kaposvar)

Fig 29. Thickening of interalveolar septa, because of epithelial hyperplasia and accumulation of serous fluid and/or
fibrin in the septa. Lung of pig given FB1. Pig 1893. (Experiment done in University of Kaposvar)

Granular degeneration in the epithelium of proximal tubules (green arrow). Kidney of pig given FB1. Pig 26
(Experiment done in University of Kaposvar)

Vacuolar and granular degeneration in the epithelium of proximal tubules (yellow arrow). Kidney of pig given FB1.
Pig 31. (Experiment done in University of Kaposvar)

Slight activation of capillary endothelium (yellow arrow). Kidney of pig given FB1. Pig 26. (Experiment done in
University of Kaposvar)

Hyperaemia (yellow arrow) and perivascular edema (green arrow) was confirmed as the main toxic effect of FB1.
Kidney of pig given FB1. Pig 26. (Experiment done in University of Kaposvar)

Stachybotryotoxicosis

Cause: Stachybotrys alternans (Stachybotrys altra) - develops on moist substrates (hay, straw, oats)
rich in cellulose, where forms a black coating. Fungus preserves outside the substrate (soil) for long time,
which explains the stationarity of this mycotoxicosis.
Produced mycotoxins: satratoxins, verrucarins, roridins - local irritation and cumulation, damage of
vessels (hemorrhages and edema) and haematopoietic tissue (leukopenia and thrombocytopenia), the
most toxic of all trichothecene mycotoxins (strong degenerative changes in all internal organs).
Sensitive species: horses, ruminants and rarely pigs
Findings: temperature, strong haemorrhagic diathesis, oedema and ulcera and necrotic damages in the
digestive tract, leukopenia, thrombopenia (abnormal clotting) // after accumulation in the central nervous
system and internal organs – strong degenerative changes in all internal organs and deep symmetrical
areactive necroses and ulcera in the digestive tract.
Horses - Atypical form – after exposure to large amounts of toxins, clonic spasms of the muscles of the
head and neck, blindness, haemorrhagic diathesis and foamy discharge from the nose (edema in the
lung) // Typical form - Initial stage of irritation accompanied by local irritation to mucous and strong
salivation / Stage of calmness accompanied by signs of dyscrasia (including thrombocytopenia and
leukopenia) / end stage of severe pancytopenia and abnormal blood clotting. Findings: dermatitis and
gray-yellow necrosis in the nasal area, swelling of lips and fissures in the corners of the mouth, superficial
(primary) and symmetrical deep trophic (secondary) necroses and ulcers in the mouth, the edges of the
tongue, stomach and large intestines; extensive erosions with black bottom in the mouth, haemorrhages
in the colon, seroses and intercostal spaces, lung edema.
Ruminants - stronger oedematous changes (in the lung, larynx, meninges and bladder), necroses on the
nose and oral cavity are rare, characteristic necroses on the ruminal mucosa and liver (without colon),
hemorrhagic infarcts in the lung, spleen and kidneys, ascites and hydrothorax, conjunctivitis, abortions /
Sheep - wool hair loss, and necrosis in the mouth and intestines are more often / Pigs - hypersensitivity,
tremors, haemorrhages, in chronic stages - necrosis in the skin of the abdomen, behind the ears and
inside legs, necroses and ulcers in the oral cavity (tongue and gums) and snout, haemorages on the
seroses, dystrophy in the internal organs and abortion / Birds - yellowish deposits on the tongue and
palate, blue combs and wattles, salivation.

Cause:
Stachybotrys
alternans
(Stachybotrys altra) - develops on
moist substrates (hay, straw, oats) rich
in cellulose, where forms a black
coating. Fungus preserves outside the
substrate (soil) for long time, which
explains the stationarity of this
mycotoxicosis.

Stachybotryotoxicosis in horse. Superficial (primary) necrosis and ulcers in the oral cavity
(yellow arrow), stomach and intestines, bleeding in the colon (green arrow). Collection of
macroscopic preparation in dept of Pathology, Trakia University

Stachybotryotoxicosis in horse. Symmetrical deep neurotrophic (secondary) necroses and ulcers
at the edges of the tongue – collection of macroscopic preparation in Dept of Pathology, Trakia U.

Stachybotryotoxicosis in cattle. Severe haemorrhagic diathesis in the serosa of the gastrointestinal tract and ulcerative-necrotic damages, which can be seen on the gastro-intestinal
mucosa. Hemorrhagic infarcts in the lung, spleen and kidneys; edema in the lung, larynx around in
the meninges and bladder, hydrothorax and ascites, bloody foamy discharge from the nose,
conjunctivitis. (spontaneous case in Bulgaria)

Stachybotryotoxicosis in cattle. Strong haemorrhagic diathesis on the serosa of the abomasus
and rumen and ulcerative-necrotic damages, which are translucent under the serosa. In cattle, the
characteristic necroses of the skin, mouth, around the lips and nose are rarer, but necroses on the
rumen are more often (without intestine) (spontaneous case in Bulgaria)

Stachybotryotoxicosis in cattle. Haemorrhages on epicardium. Pregnant cattle abortions occur,
aborted fetuses are strewn with haemorrhages, and calves born from cows with
stachybotryotoxicosis develop gastroenteritis immediately after birth (spontaneous case in
Bulgaria).

Stachybotryotoxicosis in cattle. Edema in the lung. Foamy fluid in the trachea and bronchi. In
cattle, pathological finding was similar to that in horses, but edematous changes are more
pronounced (spontaneous case in Bulgaria)

Stachybotryotoxicosis in cattle. Edema in the lung. Foamy fluid in the trachea (spontaneous
case in Bulgaria)

Ergotism caused by ergot (Claviceps purpurea)

Cause: Claviceps purpurea - attack ears of wheat, along with the development of the mycelium, a
thick liquid is excreted – it, after drying, forms sclerotia (compact mass of hyphae cemented, which
resembles a large, dark wheat grain).
Toxins contained in sclerotia - A group of lysergin amide derivatives - ergometrine, ergine;
peptide alkaloids group - ergotamine, ergosine and ergosecaline; group of ergotoxin ergocristine, ergocryptine; biogene amines - histamine and acetylcholine. Mycotoxins of
significance for the development of ergotizm are ergometrine, ergotamine and ergocristine.
Sensitive species: horses and ruminants and rarely pigs.
Finding: increased contractions of the uterus - abortions, prolaps uteri, atherosclerosis and
vasoconstriction in blood vessels, increase of cholesterol, // acute nervous form - paresis and
paralysis, inflammation of the oral cavity and gastro-intestinal tract, salivation / Chronic
gangrenous form – contraction of peripheral vessels and the occurrence of ischemic necroses and
gangrene in peripheral body parts (tail, ears, crown of hooves, teats), lameness, abortions.
Horses - paresis, paralysis and gangrene in peripheral body parts
Cattle - a period of excitation, then depression, impaired coordination, tremors of individual muscle
groups, salivation, dilatation of the pupil and peripheral necroses (periphery of the ears, etc.).
Sheep – similar as cattles + ulcerations in the regions of tongue and digestive tract
Pigs - they are more resistant, paresis, hyperaemia of the mouth and digestive tract, necroses of
the tongue, ears, skin of the teats and legs,
Birds - neurological symptoms, spasms and paralysis of the legs, blue color and necrosis in the
comb and wattles, catarrhal inflammation of the gastrointestinal tract
Humans. Ergotism, also known as St Anthony’s fire, is one of the oldest food-borne diseases in
man that caused hallucinatory symptoms and death of many people in France and Europe during
the Middle Ages. Clavisep purpurea poisoning is known as ergotism and is still a disease of public
health importance, especially in the developing world. It is predominantly characterized by dry
gangrene of the extremities, loss of one or more limbs and gastrointestinal symptoms.

Cause: Claviceps purpurea - attack ears of wheat, along with the development of the mycelium, a
thick liquid is excreted – it, after drying, forms sclerotia (compact mass of hyphae cemented, which
resembles a large, dark wheat grain).

Mycotoxicoses caused by storage fungi (aflatoxins and ochratoxins)
1. Aflatoxicosis

Aflatoxins were discovered due to their devastating effect on turkey poults in 1960 (Allcroft and
Carnaghan, 1962), while ochratoxin A was found as a major causal agent in nephropathy in pigs
and probably Balkan Endemic Nephropathy in humans, widely encountered in Balkan countries.

Cause of aflatoxicosis:
Aspergillus flavus - aflatoxin B1 and B2
Aspergillus parasiticus - aflatoxins B1, B2, G1 and G2
as less importance is given to:
Aspergillus nomius
Penicillium puberulum
Aflatoxin B1 compounds 90% of total aflatoxins distributed in nature - strong
hepatotoxins, heat resistant, is excreted in milk as aflatoxin M1
Sensitive species: horses, pigs, dogs, rabbits, ducks, turkeys and all the young
animals incl. calves.
Findings: haemorrhagic diathesis, yellowish color and enlargement of the liver, liver
necroses, enlarged gall bladder, oedematous wall of the gallbladder and yellowish
staining of the tissue around it, proliferative processes in the hepatic interstitium, strong
inflammatory-necrotic changes in the digestive tract and mild dystrophic changes in
other organs.
Chronic course - ascites, rarely hydrothorax, icterus, cirrhosis of the liver, lung edema,
Cattle – thickening of the skin around the mouth and neck, papiloms on the mucosa of
abomasus.

1. Aflatoxicosis – continue 1

A. parasiticus contaminated mainly roots, especially peanuts, while A. flavus is the main
contaminant of the surface part of various cereals, legumes, and fiber crops, and tree nuts
(walnuts, almonds). There are several types of aflatoxins: B1, B2, G1 and G2, as the most toxic of
these is aflatoxin B1, which is essential for the development of aflatoxicosis in farm animals and
AB1 together with AB2 constitute over 90% of the aflatoxins distributed in grains and feed.
Aflatoxins, similarly to ochratoxins, often contaminate the stored grain in its improper storage,
inadequate drying and overheating, especially in wet harvesting crops and the production of
aflatoxins is influenced by the type of substrate, humidity, temperature and competitive growth of
similar moulds. Aflatoxin B1 is known as a strong hepatotoxins and there is a pronounced
individual, age and species sensitivity - young animals and birds are more sensitive to its
toxicity. Among birds particularly susceptible are ducks and turkeys. Adult sheep and cattle are
relatively resistant, while the horses, dogs, pigs, rabbits, and young calves are particularly sensitive
to aflatoxins and concentrations of 1 mg / kg bw are usually fatal for them. It should be noted that in
the milk can be found several toxic metabolites (mainly aflatoxin M1) derived from the metabolism
and degradation of aflatoxins in the liver, which are highly toxic to small animals. Approximately 13% of the dietary ingested aflatoxin is excreted in the milk and contaminated various dairy products
including cheese, yogurt and dry milk, because it is highly thermally stable. The toxic effects of
aflatoxins and their metabolites due to their bound with various nucleoproteides and nucleic acids,
leading to inhibition of protein synthesis and cell death. Besides highly hepatotoxic action aflatoxins
like ochratoxins possess a a strong immunosuppressive, carcinogenic and teratogenic
effects. Clinical signs are nonspecific and are characterized by neurological symptoms:
depression, impaired coordination of movement, paresis, paralysis, convulsions, opisthotonus.
In chronic cases or heavy intoxications with letal outcome, there is also an icterus, ascites and
subcutaneous edema.

1. Aflatoxicosis – continue 1

In chronic aflatoxicosis in sheep, in addition to the changes described above there is
also icterus and edema in the lungs and sometimes hydrothorax.
In cattle, except the changes described above and the strong haemorrhagic diathesis, a
thickening of the skin around the mouth and neck is observed, but rarely papiloma
growths on the mucosa of abomasus is seen. In chronic course cirrhotic changes in liver,
edema in the mesenterium, icterus, hydrothorax and ascites are seen.
In horses, haemorrhagic diathesis is dominant and inflammatory ulcerous-necrotic
lesions in the digestive tract are seen.
In pigs, changes in the liver are dominant, which is yellowish with pinpoint red spots
(toxic liver dystrophy), oedematous wall of the gallbladder and necroses or inflammatory
changes in the digestive tract are seen. In chronic course cirrhotic changes in liver
icterus, lung edema, ascites and hydrothorax are seen, the abdominal and thoracic
cavity are sometimes full with a clear straw-yellow liquid.
For small turkey and chicken haemorrhagic diathesis and strong dystrophic lesions in
the liver and kidneys are dominant, while in the older birds, in addition, there are
necroses in the liver, catarrhal enteritis, ascites, hydropericardium, subcutaneous edema
and hemorrhages. In chronic stage, cirrhotic changes in the liver are dominant and a
nodular proliferation of connective tissue in the liver is also present.

Multi-mycotoxic nature of porcine
nephropathy (MPN) and chicken

nephropathy in Bulgaria and South
Africa

Mycotoxic porcine nephropathy in Bulgaria is one of the most
often mycotoxicoses in animals
Mycotoxic nephropathy (MN), which is widely encountered disease in all over the world, can be
considered as a renal disorder caused by alimentary ingestion of nephrotoxic mycotoxins. This
nephropathy is recently found to have much complicated pathology and aetiology in some countries
as Bulgaria and South Africa. In these countries spontaneous nephropathy in pigs or chicks, was
recently found to be provoked by several mycotoxins as ochratoxin A, penicillic acid and fumonisin
B1, having synergistic interaction. Some of the mycotoxins produced by storage fungi such as
ochratoxin A and penicillic acid are widely encountered in feeds/foods made mainly from cereals or
fibrous plants, and kept in storehouse conditions and increased humidity, whereas the other target
mycotoxin fumonisin B1 produced by field fungi mainly contaminates maize before harvesting. The
farms with nephropathy problems usually had a history of incorrect feed storage, but sometimes the
problem seemed to come from certain feed plants whose grains, collected during moist and rainy
days, had not been properly dried. All farms supplied by these plants subsequently produced some
pigs with nephropathy and growth depression, but after changing the certain suspected feeds the
problems with poor growth of pigs disappeared. Because of the harmful effects, which can be
observed in human kidneys after consuming the meat of animals with nephropathy the timely
diagnosis of disease during the meat inspection at slaughterhouses is very important. In such a way
the exposure of humans to the most hazardous and relatively heat stable ochratoxin A from
chicken/pigs meat can be prevented.

According to macroscopic appearance and pathomorphological characteristics, the kidneys
from spontaneous Bulgarian MPN are divided into 5 separated group, which can be
considered to illustrate the progressive stages of development of the disease. The renal
disease may not only cause affected kidneys to be rejected, but it is also correlated with poor liveweight gains and carcass quality in affected animals (Stoev et al, 1998a,c,d).

Various specific kidney damages found at slaughterhouses in Bulgaria, which
are considered to be provoked by the combined exposure of many different
mycotoxins as FB1, OTA, CIT, PA, UM, etc. The kidneys are collected during the
years 1987 - 1995 (Stoev et al, 1998)

Macroscopic
appearance
of kidneys

Enlargement
by volume
(%)

Number
of cases

Frequency

up to 20%

230

45.45%

from 20-30%
up to 200%

210

41.50%

Enlarged and pale

from 100%
up to 300%

40

7.91%

Cystic

about and
above 100%

20

3.95%

Fibrotic

from 20-30%
up to 50-60%

6

1.19%

506

100.00%

Mottled
Enlarged and marbled

Total

(%)

Macroscopic appearance of kidneys with mycotoxic nephropathy. Different degree of enlargement and mottled
or enlarged and pale appearance of kidneys in pigs of 6-8 month-age from Bulgaria. Enlargement of renal lymph
nodes

Macroscopic appearance of kidney with mycotoxic nephropathy. Mottled appearance (grey-white foci) of kidney
from group 1 in pig of 6-8 month-age (left) and normal kidney in pig of the same age (right).

Strong granular degeneration in epithelial cells of proximal tubules. Dilatation of some proximal tubules. Cortex of
kidney from group 1 in pig of 6-8 month-age.

Proloferation of fibroblastic connective tissue and mononuclear cell infiltration (red arrow) in the intersitium. Strong
granular degeneration in epithelial cells of proximal tubules (yellow arrow). Cellular debris in the lumen of some
tubules (blue arrow). Cortex of mottled kidney from group 1 in pig of 6-8 month-age.

Macroscopic appearance of kidneys with mycotoxic nephropathy. Enlarged and mottled appearance of kidneys
from group 2 in pig of 6-8 month-age (left) and normal kidneys in pig of the same age (right).

Macroscopic appearance of kidney with mycotoxic nephropathy. Enlarged and marbled appearance of kidney from
group 2 in pig of 6-8 month-age (above) and normal kidney in pig of the same age (below).

Strong proloferation of fibroblastic connective tissue and mononuclear cell infiltration (red arrow) among collapsed
and atrophied tubules (blue arrow). As the disease advanced the quantity of fibroplastic connective tissue
increased. Cortex of marbled kidney from group 2 in pig of 6-8 month-age (Stoev et al, 1998d – Veterinary record).

Macroscopic appearance of kidney with mycotoxic nephropathy. Enlarged and pale appearance of kidney from
group 3 in pig of 6-8 month-age (above) and normal kidney in pig of the same age (below).

Extensive and widespread proliferation of connective tissue, so that the normal structure of the kidney was almost
completely obscured. Decreased quantity of mononuclear cells in the interstitium. Atrophy of tubules (yellow
arrow) and glomerules (red arrow). Cortex of enlarged and pale kidney from group 3 in pig of 6-8 month-age.

Macroscopic appearance of longitudinal cut surface of kidneys with mycotoxic nephropathy. Cystic kidney with
large retention cysts (red arrow) as well as with undulating or rough surface (yellow arrow) in pig of 2 year-age
from group 4. Enlarged and marbled kidney (left).

Marked fibrosis of connective tissue and increased collagen deposit in the interstitium. Cystiform dilatation of the
lumen of some tubules (retention cysts), whose epithelium was atrophied (red arrow). Sclerosis or atrophy in
some glomerules (yellow arrow) and atrophy of tubules (blue arrow) in the zones with extensive fibrosis. Cortex of
cystic kidney from group 4 in pig of 3 year-age.

Macroscopic appearance of fibrotic kidney with furrowed surface and increased density from pig of 3 year-age
from group 5 with mycotoxic nephropathy (above). Normal kidney in pig of the same age (below).

Macroscopic appearance of kidneys with mycotoxic nephropathy: “mottled”, “fibrotic” and “enlarged and pale”
kidney (from left to right).

Marked fibrosis of connective tissue and increased collagen deposit in the interstitium. Fibrosis in glomerules
(yellow arrow) and atrophy of tubules (blue arrow). Cortex of fibrotic kidney in pig of 3 year-age from group 5.

Marked fibrosis of connective tissue and increased collagen deposit in the interstitium. Hyalinisation in glomerule
(yellow arrow). Cortex of fibrotic kidney in pig of 2 year-age from group 5.

Macroscopic appearance of kidney with mycotoxic nephropathy: Lots of haemorrhages on kidney surface.
“Mottled” kidney in pig of 6-8 month-age.

Degenerative changes (vacuolation) in the vascular intima and media. Cortex of enlarged and marbled kidney
from group 2 in pig of 6-8 month-age.

Macroscopic appearance of kidney with mycotoxic nephropathy. Enlarged and pale appearance of kidney in pig of
6-8 month-age. Enlargement of renal lymph nodes, which surface is strewn with small grey-white foci (yellow
arrow).

Strong nodular hyperplasia of lymphoid (lymphatic) tissue in lymph follicles (yellow arrow) in renal lymph node in
pig with mycotoxic nephropathy (pig with “enlarged and mottled kidney”)

Strong diffuse hyperplasia of lymphoid (lymphatic) tissue in renal lymph node in pig with mycotoxic nephropathy
(pig with “enlarged and pale kidney”)

Degenerative changes and decreased quantity of lymphoid (lymphatic) tissue (yellow arrow) in renal lymph node
in pig with mycotoxic nephropathy (pig with “fibrotic kidney”). Proliferation of connective tissue from the
trabecules.

Neoplastic tissue proliferation (fibroma, fibroadenoma) in kidney with mycotoxic nephropathy (pig with “enlarged
and pale kidney”).

Diffuse neoplastic proliferation of fibroplastic tissue (fibroma) in kidney with mycotoxic nephropathy (pig with
“enlarged and marbled kidney”).

Diffuse neoplastic proliferation of glandular tissue (adenoma) among loose connective tissue in kidney with
mycotoxic nephropathy (pig with “enlarged and marbled kidney”).

Diffuse neoplastic proliferation of fibroplastic (yellow arrow) and glandular (red arrow) tissue (fibroadenoma) in
kidney with mycotoxic nephropathy (pig with “enlarged and marbled kidney”).

Electron micrograph of basal part of epithelial cells of the proximal tubule of a mottled kidney
from group I. The quantity of mitochondria and other cell organelles is reduced in number in the
basal part of the damaged proximal tubular epithelial cells. 5000 (Stoev et al, 1998h)

Electron micrograph of apical part of epithelial cells of the proximal tubule of a mottled kidney from group I. A
large number of mitochondria are swollen, with reduced invisible cristae and, in some cases, exhibit lost
membrane integrity. 20000 (Stoev et al, 1998h)

Electron micrograph of basal part of epithelial cell of the proximal tubule of a mottled kidney
from group I. A myelin-like figure (yellow arrow) and a lipid drop (red arrow) in the
cytoplasm. 16000 (Stoev et al, 1998h)

Electron micrograph of epithelial cells of the proximal tubules of a mottled kidney from group I.
Large nucleus with aneuploidia (red arrow). Lost membrane integrity of cell membrane (yellow
arrow). 10000

Electron micrograph of middle part of epithelial cell of the proximal tubules of a mottled kidney from
group I. An extremely electron-dense formation surrounded with a small electron-dense formation in
the nucleus (yellow arrow). 10000 (Stoev et al, 1998h)

Electron micrograph of basal part of epithelial cell of the proximal tubule of an enlarged and mottled
kidney from group II. Thickened basement tubular membranes (red arrow) and a large number of
collagen fibrils in the interstitium (yellow arrow). 12600 (Stoev et al, 1998h)

Classification of kidneys with spontaneous mycotoxic nephropathy in South
Africa taken at various slaughtrerhouses, listed in chronological order of disease
development and collected during the years 2007-2008
Macroscopic
appearance
of kidneys
Mottled
Enlarged and marbled
Enlarged and pale

Total

Enlargement
by volume
(%)

Number
of cases

Frequency

up to 20%

25

62.5%

from 20-100%

12

30.0%

from 100%
up to 200%

3

7.5%

40

100.00%

(%)

Inappropriate storage conditions in SA
This picture shows the inside of the
storehouse for corn, which is the main
dish of the local Africans. Visible nylon that
protects the store from raining, but also
cause condensation in the cooler time in
the morning.

Another inappropriate store in S. Afreica, which would not be able to preserve feed from raining

or from moisture

The photo shows another metal container for corn, which also allows condensation.

An inappropriate manner for drying or preserving of maize flour in the rural areas of S. Africa
(Limpopo).

An inappropriate manner for keeping the feed for pigs, which is exposed to the atmospheric
influence and is often additionally moulded - the rural areas of S. Africa (Limpopo).

Another inappropriate manner for keeping the feed for pigs and breeding of pigs, which are
exposed to the atmospheric changes and influence - the rural areas of S. Africa (Limpopo).

Recent studies (2007) in Bulgaria and S. Africa
OTA-Bg

OTA-SA

PA-Bg

PA-SA

CIT-Bg

CIT-SA

FB1-Bg

FB1-SA

g/kg(L)

g/kg(L)

g/kg(L)

g/kg(L)

g/kg(L)

g/kg(L)

g/kg(L)

g/kg(L)

Feeds

Feeds

Feeds

Feeds

Feeds

Feeds

Feeds

Feeds

25 samples
24 samples
188,8  27,3 67,8  39,2
(100% posit.) (83% posit.)

25 samples
838,6  223
(88% posit.)

24 samples 25 samples 24 samples 25 samples 24 samples
149,2  64,1 54,7  27,5 2,7  1,0
5564  584 5289  1034
(42% posit.) (92% posit.) (70% posit.) (96% posit.) (83% posit.)

Serum

Serum

Serum

Serum

10 samples
28,8  25,1
(80% posit.)

10 samples 10 samples 10 samples 10 samples 10 samples
4,6  3,9
23,3  22,1
5,0  4,1
1,3  0,6
0,41  0,3
(50% posit.) (80% posit.) (80% posit.) (70% posit.) (60% posit.)

Serum

Serum

Urine

Urine

Urine

10 samples
3,5  1,1
(100% posit.)

10 samples
1,57  0,54
(60% posit.)

10 samples
1,7  0,4
(100% posit.)

High
levels

From our recent investigations of some feeds and serum samples from Bulgaria
(farms with MPN) and South Africa (private houses from Limpopo province and some
pig farms suspicious for MPN established at slaughter time in Baviaanspoort Abattoir,
R&R LTD Abatoir, Porkus Abattoir, etc), it can be seen that OTA, PA and CIT are often
found in Bulgarian and South African feeds/serum samples being higher in Bulgarian
samples. Only the quantity of FB1 in investigated feeds is approximately the same.

The last studies (2008) in Bulgaria and S. Africa
OTA-Bg

OTA-SA

PA-Bg

PA-SA

CIT-Bg

CIT-SA

FB1-Bg

FB1-SA

g/kg(L)

g/kg(L)

g/kg(L)

g/kg(L)

g/kg(L)

g/kg(L)

g/kg(L)

g/kg(L)

Feeds

Feeds

Feeds

Feeds

Feeds

Feeds

Feeds

Feeds

25 samples
24 samples
376,4  63,9 75,2  20,6
(100% posit.) (87% posit.)

25 samples 24 samples 25 samples 24 samples 25 samples 24 samples
904,9  86,5 251,8  69,8 120,5  43,3 3,9  1,2
3254  480 5021  844
(92% posit.) (71% posit.) (96% posit.) (67% posit.) (92% posit.) (79% posit.)

DON-Bg

DON-SA

PenA-Bg

PenA-SA

ZEA-Bg

ZEA-SA

g/kg(L)

g/kg(L)

g/kg(L)

g/kg(L)

g/kg(L)

g/kg(L)

Feeds

Feeds

Feeds

Feeds

Feeds

Feeds

25 samples
24 samples
51,4  8,5
87,1  25,2
(100% posit.) (96% posit.)

High
levels

25 samples 24 samples 25 samples 24 samples
713,9  88,2 1521,7  579 108,2  9,9 3,8  1,3
(96% posit.) (71% posit.) (92% posit.) (63% posit.)

The last investigations of some other feeds and serum samples from Bulgaria (farms
with MPN) and South Africa (private houses from Limpopo province and some pig
farms suspicious for MPN established at slaughter time in Baviaanspoort Abattoir, R&R
LTD Abatoir, Porkus Abattoir, etc) showed the same findings again - OTA, PA, CIT and
FB1 are consecutively present in Bulgarian and South African feeds samples from farms
with nephropathy. DON, ZEA and Pen A were also present, but in low levels.

Table 1. Percentage of contaminated feed samples (25 samples for 2006 and 25 samples for 2007) with
Fusarium species, number of strains isolated and number of toxinogenic strains isolated as well as kind of
mycotoxins produced by each fungal strain in various feed samples from pig/chick farms in Bulgaria having
nephropathy problems (enlarged and mottled or pale appearance of kidneys) at slaughter time. Most of the same
strains were also isolated in S. Africa.
Strain
isolated

Gibberella fujikuroi

Percentage of
contaminated
samples (%)

Number of
strains
isolated

Number of
toxinogenic
strains

Kind of mycotoxins
produced
(number of species)

80

40

40

FB1 (40), FB2 (12),
ZEA (10), MON (16), NM (4)

(var. moniliformis)

F. verticillioides

8

4

4

FB1 (4), FB2 (2),
ZEA (1), MON (1)

(F. moniliforme)

F. oxysporum

2

1

1

ZEA (1)

F. graminearum

10

5

5

ZEA (5), DON (5),
T-2 (2), DAS (3), MON (1)

Table 2. Percentage of contaminated feed samples (25 samples for 2006 and 25 samples for 2007) with
Penicilium species, number of strains isolated and number of toxinogenic strains isolated as well as kind of
mycotoxins produced by each fungal strain in various feed samples from pig/chick farms in Bulgaria having
nephropathy problems (enlarged and mottled or pale appearance of kidneys) at slaughter time. Most of the same
strains were also isolated in S. Africa.
Strain
isolated

Percentage of
contaminated
samples (%)

Number of
strains
isolated

Number of
toxinogenic
strains

Kind of mycotoxins
produced
(number of species)

P. viridicatum
(P. verrucosum)

8

4

4

OTA (3), CIT (1), PA (4)
XA (3), NM (3)

P. commune

16

8

2

OTA (2), NM (2)

P. citrinum

16

8

8

CIT(7), KA(4), NM(3)

P. expansum

4

2

2

CIT(1), PAT(1), NM(2)

P. aurantiogriseum

20

10

10

PA(8), NM(4)

P. polonicum

92

46

46

PA (42), NM (46)

P. solitum

4

2

2

PA(2), NM(2)

P. freii

8

4

3

PA(3), NM(3)

P. thomi

4

2

2

PA(2), NM(2)

P. chrysogenum

32

16

10

PA(8), NM(10)

P. crustosum

16

8

8

PA(4), PenA(6), NM(5)

P. simplicissimum

4

2

1

PA(1)

P. purpurogenum

4

2

2

RUB(1), KA(1), NM(1)

P. islandicum

8

4

4

ERY(1), LUT(1), ISL(1), NM(2)

P. Allii

4

2

1

NM(1)

Table 3. Percentage of contaminated feed samples (25 samples for 2006 and 25 samples for 2007) with
Aspergillus species, number of strains isolated and number of toxinogenic strains isolated as well as kind of
mycotoxins produced by each fungal strain in various feed samples from pig/chick farms in Bulgaria having
nephropathy problems (enlarged and mottled or pale appearance of kidneys) at slaughter time. Most of the same
strains were also isolated in S. Africa.
Strain
isolated

Percentage of
contaminated
samples (%)

Number of
strains
isolated

Number of
toxinogenic
strains

Kind of mycotoxins
produced
(number of species)

A. ochraceus

8

4

4

OTA(2), PA(2), XA(1)

A. niger

28

14

6

OTA(6), OTC(2)

A. wentii

4

2

2

OTA(1), KA(1)

A. candidus

20

10

10

CIT(1), KA(2), NM(10)

A. fumigatus

52

26

26

OTA(4), VER(1),

GLI(2), KA(2), NM(18)
A. flavus

64

32

32

AFs (21), CA (12), KA(14), NM(24)

A. Oryzae

4

2

2

CA(1), KA(1)

A. clavatus

4

2

2

KA(1), PAT(1), NM(1)

A. Restrictus

4

2

1

NM(1)

Eurotium amstelodami

12

6

1

NM(1)

Role of ochratoxin A in renal diseases:
-Mycotoxic porcine nephropathy (MPN)
-Balkan endemic nephropathy (BEN)

BEN in humans
is another disease, which
is provoked by mycotoxins

Ochratoxin A (OTA)
a disease determinant
of Danish MPN

involved in:

Bulgarian MPN

differences

or

Now we are
trying to
understand
?

BEN in humans

similarities

-low contamination levels of OTA in feeds or foods and serum
-neoplastic changes in kidneys (pigs) or urinary tract (humans)
-contraction and fibrosis of kidneys - only in later stages
-retention cyst formation in proximal tubules of kidneys
-vascular lesions in kidneys
-electron dense formations in nuclei and myelin figures in mitochondria, etc.

suggest a possible synergism between OTA and
other mycotoxins, which needs to be proved

Table 3. Target morphological characteristics of the kidney lesions in Bulgarian MPN, Classical/Danish
MPN and BEN (Krogh, 1972; Elling, 1977; Stoev, 1998)
Kind of lesion

Bulgarian MPN

Classical MPN

BEN

Vascular damages

+

-

+

Dilated lymphatics
(lymphatic cysts)

+
(in later stages)

+
(stage not defined)

+
(in later stages)

Neoplastic changes

+
(benign neoplasis)

-

+
(malignant neoplasis)

Degenerative changes
mainly in proximal tubules

+
(in early stages)

+
(in early stages)

+
(in early stages)

Hyalin or granular casts or
necrotic debris in the tubules

+
(in early stages)

+
(in early stages)

+
(in early stages)

Dilated atrophic tubules
or retention cysts formations

+
(in later stages)

+
(stage not defined)

+
(in later stages)

Glomerulosclerosis or
hyalinization of glomeruli

+
(in later stages)

+
(in later stages)

+
(in later stages)

Mononuclear cell infiltration
(inflammatory cells)

+
(moderate)

+
(moderate)

+
(slight)

Interstitial fibrosis (sclerosis)
mainly in ventral cortex

+
(in later stages)

±
(slightly in later stages)

+
(in later stages)

strongly enlarged
reduced

slightly enlarged
no information

no information
strongly reduced

+

+

+
(in later stages)

+
(in later stages)

+
(in later stages)

-Large number apical vesicles

+

+

+

-Lost membrane integrity
of cell organelles

+

+

+

-Swollen and distorted
mitochondria

+

+

+

-Diminution or disappearance
of mitochondrial cristae

+

+

+

-Myelin-like figures and lipid
droplets in the mitochondria

+

-

+

-Electron dense formations
in the nuclei and mitochondria

+

-

+

-Increased number of
phagolysosomes

+

+

+

Size of kidneys
-in early stages
-in later stages

Ultrastructural damages in proximal tubules
-Reduced brush border
+
in high and density
-Thickening of basement
tubular membranes

Similarities between BEN and MPN
Balkan Endemic Nephropathy (BEN) is a problematic disease in Bulgaria and other
Balkan countries and also some African countries. BEN is a chronic renal disorder of a
strict endemic character, encountered mainly in the rural populations in Bulgaria,
Romania and ex-Yugoslavia. The total number of people at risk has been estimated to
approximately 100,000. The disease is most commonly observed in farmers at age
between 30 and 50 years, has oligosymptomatic clinical picture, silent onset and poor
prognosis, progresses very slowly and manifests itself when the majority of nephrons
have become impaired. Based on a comparison of morphological and functional kidney
impairment between OTA-induced MPN and BEN, OTA has been suggested as a
disease determinant of BEN by Krogh in 1972. The disease is also closely associated
with a high frequency of carcinoma in the renal pelvis, ureter and bladder, which could
be due to the carcenogenicity of OTA or other mycotoxins, but that need to be proved.
The high humidity and the poor food storage conditions in endemic villages as well as
the consumption of home prepared food from own crops - bread, bean and others
correspond to the fact that the moulds producing mycotoxins contaminate mostly home
produced grain feeds stored in bad conditions and high humidity, while the situation in
the towns is markedly different - the supply with provisions is centralized (that explain
the family character of BEN only in rural inhabitants). Also, the focality and zonality
(characteristic for BEN) are typical for mycotoxicoses (i. e. endemic dissemination) and
are determined mainly by the ecological conditions of the regions which are optimal for
the development of the corresponding fungi.

Natural occurrence of OTA in foods and feeds of plant origin in
Balkans
Kind of food
Foods
Beans*
Beans
Maize*
Maize
Maize
Wheat*

Feeds (forages)
Mixed feed
Mixed feed

Country

Number of
samples

%
contam.

OTA-ranges
g/kg (ppb)

References

Bulgaria
Bulgaria
Bulgaria
Bulgaria
former Yugoslavia
former Yugoslavia

89
89
91
89
542
130

38.3+
7,1+
43,1+
7,1+
8,3+
8,2+

25-260
10-220
25-900
10-235
6-140
14-135

Petkova et al., 1991a
Petkova et al, 1991a
Petkova et al, 1991a
Petkova et al, 1991a
Pavlovic et al, 1979
Pavlovic et al, 1979

Bulgaria
Bulgaria

17
25

100
100

38-552
188-376

Stoev et al, 1998d,e
Stoev et al, 2010a,b

* - from areas with endemic nephropathy
+ - average values for a period of 2-5 years

FB1, DON, PA, CIT, Pen and UM were also found in animal feeds

WHO/FAO Joint Expert Committee on Food Additives (JECFA) assessed the available information
and proposed 100 ng/kg b.w. as a provisional tolerable weekly intake (PTWI) for OTA. That
corresponds to about 14 ng/kg body weight per day. It can be concluded that the average daily
intakes in the endemic areas in Bulgaria from 26.8 ng/kg b. w. for 1988 (Stoev and PetkovaBocharova, 1994b; Stoev, 1998a), 36.4 for 1989 and 34.2 for 1990 respectively exceed strongly
PTWI (100 ng/kg b. w. or 14 ng/kg b. w. per day), proposed by the JECFA (JECFA, 1997).

The synergistic interaction between OTA and other mycotoxins found
recently – the same mycotoxins are probably involved in BEN

 The exposure of animals to various mixtures of mycotoxins presents a
problem that has not been sufficiently investigated. Such mixtures of toxins
may have additional or synergistic effects in farm animals.
 A potent synergistic effect was found between OTA and PA, when the same
were given simultaneously to pigs and chickens. Such synergy between
OTA and PA or other mycotoxins such as FB1 under field conditions is likely
responsible for the spontaneous MPN in Bulgaria, which is caused by
relatively low contamination levels of OTA in food. Previous studies have
suggested an important role of the pancreatic enzyme carboxypeptidase A in
the detoxification of OTA in the small intestine (Doster & Sinhuber, 1972).
Parker et al (1982) showed that PA inhibits carboxypeptidase activity in vitro
and in vivo and such inhibition may significantly impair the primary
detoxification of OTA in the intestinal tract and so be partly responsible for
the enhanced toxicity of OTA observed in combination with PA.

 Also, a frequent contamination with P. polonicum and P. crustosum and
eventual involvement of other unknown/new mycotoxins (NM) in this
nephropathy has been reported, as experiments show that P. polonicum
extract free of OTA has a nephrotoxic effect on mice.

A strong synergistic effect was found between
OTA and PA in pigs/chicks experiments in BG
Ochratoxin A (OTA)

Penicillic acid (PA)

mycotoxins produced by the same fungi of
A. ochraceus strains or P. aurantiogriseum complex
•Only 180 ppb OTA (levels encountered in BEN- and MPNendemic areas ) simultaneously with PA (levels ranged
between 1000 and 3000 ppb) were enough to produce
macroscopic changes of the type of "mottled kidneys" and
DNA-adduct formation in contrast to pure OTA, which is able
to produce similar changes at levels above 1000 ppb .

Pig experiment in BG- Mottled kidney in pig fed on diet containing only 180 ppb OTA and 10003000 ppb PA) at the end of the 3rd month. Below – normal kidney from control pig at the same age.

Granular degeneration, karyopyknosis, karyo- and plasmolysis in part of the epithelium of the proximal tubules of
kidney in pig from group II (fed on diet containing 130 ppb) at the end of the 3rd month. Cortex of kidney.

Electron micrograph of the apical part of the proximal tubular epithelial cells of a kidney from a pig fed on mouldy
diet containing 180 ppb OTA for 3 months. Mitochondria with lost membrane integrity and an electron-dense
formation. Cortex of kidney. 80000.

Electron micrograph of the middle part of the proximal tubular epithelial cells of a kidney from a pig fed on mouldy
diet containing 180 ppb OTA for 3 months. Mitochondria with myelin-like figure (yellow arrow), reduced invisible
cristae, decreased electron density of the matrix and lost membrane integrity. Cortex of kidney. 50000.

Electron micrograph of the proximal tubular epithelial cells of a kidney from a pig of group II at the end of the 5th
month (fed on diet containing 305 ppb during the second period). An enlarged nucleus (karyomegaly or
aneuploidia) with very electron-dense formations surrounded with a small electron-dense mass (yellow arrow). On
the right, a diminished nucleus with condensation of chromatin and perinuclear vacuolation under the nuclear
envelope (red arrow). Cortex of kidney. 8000.

Experiment with chicks in Bulgaria fed on diet containing low levels OTA and PA

Nervous symptoms – emprostotonus and side-split in chicks fed on diet containing 790 ppb ОТА
and 2000-5000 ppb PA for 70 days.

Nervous symptoms – torticolis and flection of legs in chick fed on diet containing 790 ppb ОТА and
2000-5000 ppb PA for 70 days.

Nervous symptoms – tremor, lurch or staggering step in chick fed on diet containing 790 ppb ОТА
and 2000-5000 ppb PA for 42 days.

Another case of nervous symptoms – flection of legs and siting posture in chick fed on diet
containing 790 ppb ОТА and 2000-5000 ppb PA for 10 months.

Nervous symptoms – side-split in chicks fed on diet containing 790 ppb ОТА and 2000-5000 ppb
PA for 42 days.

Haemorrhages in the region of thoracal muscles in chick fed on diet containing 790 ppb ОТА and
2000-5000 ppb PA for 70 days.

Haemorrhages in the region of kidney in chick fed on diet containing 790 ppb ОТА and 2000-5000
ppb PA for 70 days.

Kidneys are contracted and diminished in size in chick fed on diet containing 790 ppb ОТА and
2000-5000 ppb PA for 10 months.

The main part of the bone marrow is grey-white in color, whereas the normal red color is preserved
in a few places in chick fed on diet containing 790 ppb ОТА and 2000-5000 ppb PA for 42 days.

Degenerative changes in the epithelium of proximal tubules of kidney in chick fed on diet containing
305 ppb ОТА and 2000-5000 ppb PA for 70 days.

Proliferation of connective tissue and mononuclear cells (yellow arrow) in the interstitium of kidney.
Atrophy in part of the tubules (red arrow) of kidney in chick fed on diet containing 790 ppb ОТА and
2000-5000 ppb PA for 70 days.

Proliferation of connective tissue and cystiform dilatation of some tubules (yellow arrow) of kidney in
chick fed on diet containing 790 ppb ОТА and 2000-5000 ppb PA for 10 months.

Vacuolar degeneration in liver of chick fed on diet containing 790 ppb ОТА and 2000-5000 ppb PA
for 70 days.

Depletion of cells (hypocellularity) and fatty changes in bone marrow of chick fed on diet containing
790 ppb ОТА and 2000-5000 ppb PA for 70 days.

Pericapillary and pericellular oedema in the brain of chick fed on diet containing 790 ppb ОТА and
2000-5000 ppb PA for 70 days.

Oedematous changes in the white substance of the cerebellum of chick fed on diet containing 790
ppb ОТА and 2000-5000 ppb PA for 70 days.

Tygrolysis (red arrow) or pyknosis (yellow arrow) in neurons of the medulla of chick fed on diet
containing 790 ppb ОТА and 2000-5000 ppb PA for 70 days.

Depletion of lymphoid cells in lymph follicles (yellow arrow) in bursa of Fabricius of chick fed on diet
containing 790 ppb ОТА and 2000-5000 ppb PA for 42 days.

The cortex of the thymus became very thin, because of depletion of lymphoid cell (yellow arrow) in
chick fed on diet containing 790 ppb ОТА and 2000-5000 ppb PA for 42 days

Degenerative changes – karyopyknosis, karyolysis or karyorrhexis in lymph follicles (yellow arrow)
of the spleen in chick fed on diet containing 790 ppb ОТА and 2000-5000 ppb PA for 42 days

A more than additive effect was also found
between OTA and FB1 in pig experiment in BG
Ochratoxin A (OTA)

Fumonisin B1 (FB1)

•A more than additive toxic effect was found in pigs using 0,5 ppm OTA
and 10 ppm FB1 in 3 months experiment.
•While the most obvious damages provoked by OTA were seen in the
kidneys as expressed by the strong degenerative changes in proximal
tubules and fibrosis in kidneys, FB1 was found to induce an increase
in permeability of vessels mainly in brain, cerebellum, lung and
kidneys and moderate degenerative changes in kidneys in
addition to the strong pulmonary edema.
•Pathomorphological damages in pigs exposed to both mycotoxins
simultaneously present a combination of the lesions provoked by
each mycotoxin alone being stronger in their expression
•Both mycotoxins and their combination were found to damage
powerfully humoral immune response in all experimental pigs as
expressed by the strong decrease in antibody titer against Morbus
Aujesky at day 21 and 35 after vaccination

Some important adverse effects of mycotoxins ingestion via the food/feed
On the other hand lots of mycotoxins are known to have many different adverse effects
as cytotoxic, genotoxic, immunotoxic, carcinogenic or teratogenic effects on animals.
Trichothecenes, in addition to many other adverse effects are reported to be also
immunotoxins (Sharma, 1993).
The repetitive exposures to the T-2 toxin increases susceptibility to Mycobacterium
bovis, Salmonella typhimurium, Lysteria monocytogenes and Staphylococcus aureus
infections in animals or chickens (Oswald and Comera, 1998; Boonchuvit et al., 1975;
Tai and Pestka, 1988; Ziprin et al., 1987; Cooray and Jonsson, 1990)
Aflatoxins are proven hepatotoxins, carcinogens, genotoxins, immunotoxins
suppressing both cellular and humoral response and cause growth retardation in
animals (Dirheimer, 1998; Kubena et al., 1998; Coulombe et al., 2005) as well as human
hepatosis (Hgindu et al., 1982).
Ochratoxins (especially ochratoxin A) and fumonisins are proven nephrotoxins (Fig. 3)
(Krogh, 1972, Stoev et al., 1998a, 2002c), immunotoxins (Stoev et al., 2000a,b, 2002b),
genotoxins (Dirheimer, 1998) and carcinogens (Fig. 4) (Stoev, 2010a).
Some recent experiments focused attention on the immunosuppression as the first
expressed toxic effect of ochratoxin A, which may become evident clinically before
nephropathy and its associated biochemical changes. Ochratoxin A suppression of
humoral and cellular immunity, defined in principle (NNT, 1991), has been demonstrated
in practice allowing development of secondary bacterial infections in pigs at only 1 ppm
ochratoxin A in diet (Stoev et al., 2000b). Humoral immunity was affected to the extent of
allowing development of clinical disease in pigs at only 1 ppm ochratoxin A in diet

The immunosuppressive effect of OTA was the first pronounced toxic
effect found in experiment with pigs in Bulgaria
1) For the first time, susceptibility to natural infectious disease has been demonstrated in
pigs exposed to the immunotoxic effect of OTA. Diarrhoea was the first symptom, found on day 13 in
two pigs. Microbiological investigation identified Salmonella choleraesuis in faeces and liver. Salmonellosis in pigs
usually arises as secondary bacterial infection due to immunosuppressive effect of OTA, because S. choleraesuis

can be often found in the bile ducts of liver in clinically healthy pigs .

2) In the second experiment pigs were given Dor-nov at a prophylactic dose in drinking water and
made immunization against salmonellosis. Surprisingly, another secondary infection
“haemorrhagic diarrhoea” arised spontaneously in two pigs. Their faeces contained abundant Serpulina
hyodysenteriae and Campylobacter coli.

It seems that immunosuppression is the first expressed toxic effect of OTA, that may
become evident clinically before nephropathy. Humoral immunity was affected to the extent
of allowing development of clinical disease at only 1 ppm OTA in diet. This study can explain
both the high incidence of mortality in spontaneous cases of PN and the differences in
clinicomorphological picture of this nephropathy described by some authors. The same
differences usually derive from both diseases: MPN and secondary bacterial infection (Stoev
et al, Experimental and Toxicologic Pathology, 2000). In all these reports of spontaneous or experimental MPN, the
secondary bacterial infection, provoked by immunosuppressive effect of OTA had not been recognized. For example some authors
observed increased serum proteins in acute ochratoxicosis in young pigs which were developing gastrointestinal damage in the form
of fibronecrotic accretions on the mucosal surface of the colon. Moreover, the authors observed diarrhoea and dehydration, swollen
mesenteric lymph nodes, degenerative changes in lymphoid tissue of spleen and mesenteric lymph nodes as well as mononuclear
cell infiltration in lamina propria around diphtheroid necroses and liver necroses, all of which are typical features of salmonellosis.

Pigs fed on diet containing 3 ppm OTA for 2 weeks and sick by salmonellosis. Pigs with front limbs weakness and
staggering step (Pig experiment in BG)

Pigs fed on diet containing 3 ppm OTA for 2 weeks and sick by salmonellosis. Strong hyperaemia of mesenteric
vessels (red arrow) and lymph nodes, which are also enlarged (yellow arrow). (Pig experiment in BG)

Pigs fed on diet containing 3 ppm OTA for 2 weeks and sick by salmonellosis. Strong hyperaemia of mesenteric
vessels and enlargement of Peyer’s patches of the colon (yellow arrow). (Pig experiment in BG)

Pigs fed on diet containing 3 ppm OTA for 2 weeks and sick by salmonellosis. Diffuse diphtheroid accretions
covered the mucosa of the colon. (Pig experiment in BG)

Mesenteric lymph node of pig fed on diet containing 3 ppm OTA for 2 weeks and sick by salmonellosis.
Degenerative changes in germinal centres (yellow arrow) – characteristic for both diseases salmonellosis and
MPN. (Pig experiment in BG)

Spleen of pig fed on diet containing 3 ppm OTA for 2 weeks and sick by salmonellosis. Degenerative changes in
lymph follicles (yellow arrow) – characteristic for both diseases salmonellosis and MPN. (Pig experiment in BG)

Colon of pig fed on diet containing 1 ppm OTA for 47 days and sick from Dysenteria suum (the second
experiment). Necrotic accretions on the mucosal surface (yellow arrow) and haemorrhagic content in the lumen of
colon (red arrow). (Pig experiment in BG)

Ochratoxin A has also been described to increase the susceptibility of
chickens to coccidiosis (Huff and Ruff, 1982; Stoev et al., 2002b; Koynarski
et al., 2007), salmonellosis (Elissalde et al., 1994; Fukata et al., 1996; Gupta
et al., 2008) and colibacillosis (Kumar et al., 2003). The high mortality
among chicks/pigs fed on moldy diet containing various mycotoxins (e.g.
ochratoxin A) may be due to the increased susceptibility to secondary
bacterial enteric disease (Stoev et al., 2000b) or to a heavy progression of
some often encountered parasitic diseases (Stoev et al., 2002b; Koynarski
et al., 2007) and microbial infections, because of the suppression in both
humoral and cell-mediated immune response in such animals as an aspect
of ochratoxicosis (Dwivedi and Burns, 1985; Oswald and Comera, 1998; Stoev
et al., 2000a,b).

A worse progress of coccidiosis provoked by E. acervulina
and E. tenella was observed in OTA-treated chicks in BG
More complicated and faster progress of coccidiosis was found in OTA-treated
chicks than in chicks fed OTA-free diet as can be seen from the changes in lesion and
oocyst indices and especially from the increased chick mortality. It was also
demonstrated in practice, how the known OTA suppression of humoral and cellular

immunity can make worse the progression of coccidiosis provoked by E. acervulina. It
was shown that some often encountered parasitic diseases, as coccidiosis provoked by
E. acervulina, can progress in a more heavy way in OTA-treated chicks, and can also
lead to mortality among chicks that cannot be commonly provoked by E.
acervulina (Koynarski et al, 2007). Such mortality was only characteristic for coccidiosis

provoked by E. tenella, but even in such cases coccidiosis developed more rapidly and
heavily in OTA-treated chicks.

Mean values of the lesion and oocyst indices in chicks slaughtered 7 days
after inoculation with E. tenella (2104 oocysts per chick per os) and the
mortality in the experimental groups (control group, group I – fed on 5 ppm ОТА
in diet, group II – inoculated with E. tenella, group III - fed on 5 ppm ОТА in diet
and inoculated with E. tenella).
Group

Chicks slaughtered at day 7
Number Lesion
Oocyst
of chicks index#
index##
IOTA
10
IIE.t.
10
24.0 2.2a 25.0 3.4a
IIIOTA+E.t. 10
34.0 1.6 36.0 2.6
Control
10
-

Chick mortality at day
day 7 day 8 day 9 day 10

4
-

4
6
-

4
-

2
-

 - Standard error of the mean
a – Significant difference compared to group III (p < 0.05)
# - Lesion index (the maximum is 40) was examined using the following scheme:
-assessment 10 - scarce petechial haemorrhages on the mucosal surface
-assessment 20 - small haemorrhages up to the pinhead of size on the mucosal surface and oedema of the intestinal mucosa
-assessment 30 - large haemorrhages, thickening of the intestinal mucosa, degenerative changes in the mucosal epithelium and
presence of blood in the caecal content
-assessment 40 - total haemorrhagic typhlitis; caecums are full of blood
##- Oocyst index (the maximum is 40) was examined using the following scheme:
-assessment 0 - from 0 up to 0.1 million oocysts in the intestine for chick
-assessment 1 - from 0.1 up to 1 million oocysts
-assessment 10 - from 1 up to 5 millions oocysts
-assessment 20 - from 5 up to 10 millions oocysts
-assessment 40 - more than 10 millions oocysts

Studies on immunosuppressive effect of FB1 in pigs
Considerable aggravation of the pneumonic process in pigs infected with
Mycoplasma hyopneumoniae or Pasteurella multocida when treated with 20
ppm Fumonisin B1 (FB1) was found, as determined by macroscopic and
pathomorphologic examinations and computed tomography, as well as
premature death in part of the pigs (the experiment done in Univ. of Kaposvar).
CT of lung in
pigs infected
with
Mycoplasma
hyopneumon
iae (left) and
treated at
the same
time with
FB1 (right) in
the same
sectional
plane on the
58th day of
the
experiment

Hazard of mycotoxin exposure to humans

The problem of transmitting the mixture of various contaminants (OTA, PA, citrinin, etc.)
from kidney/carcass further through the food chain to humans (Stoev and Creppy, 1997)
and the human health hazard from such exposure should be evaluated.
Because of the absence of correlation between macroscopic changes and concentration of OTA in pig
kidneys it is very difficult to prevent the exposure of humans to the toxin from pork by toxicological
investigations of "pale or mottled kidneys" as it is occurred in Denmark. The regulations in Denmark,
according to which all enlarged and mottled kidneys are investigated for residues of OTA at slaughter time
and all carcasses, whose kidneys contained OTA levels above 10 µg/kg (Boutrif and Canet, 1998) are
condemned are not very safe and clever, because macrscopic changes in kidneys can be found only after
1-3 months OTA exposure via the feeds (Krogh et al, 1973; Stoev et al, 2001). On the other hand the
macroscopic renal lesions in kidneys (mottled appearance) induced at an early age do not disappear
when the pigs are fed on OTA-free diet, which also suggests a big inconvenience of such control system
(Stoev et al, 1998e, 2001).
A new and easy procedure for preventing the exposure of humans to the toxin from meat would be a
toxicological analysis of a few blood samples of pigs/chicken from risky farms suspected of MN several
weeks (in pigs) or several days (in chicken) before slaughter and a change in the feed source for a
week (pigs) or for 2-3 days (chicken) before slaughter, if it is necessary. Also, the period of feed
deprivation of pigs/chicken before slaughter could be prolonged. Because of the short half-life of
OTA in pigs (72 - 120 hours) and especially in chickens (4 hours) its concentration in blood and various
tissues quickly decreases after changing the feed source or after prolonging the period of feed deprivation
before slaughtering. Thus, the loss of condemnation of pig/chicken production would be prevented and a
better procedure (than toxicological invesigations of "enlarged mottled kidneys" accepted in Denmark)
would be realized for preventing the exposure of humans to OTA from meat (Stoev et al, 1998e; 2001,
2002a). The preventive measures in already slaughtered chicks could include condemnation and
removing of the kidneys and liver, where OTA is accumulated.

CONCLUSION
 Now, we realize that the simultaneous exposure to several mycotoxins through the food
intake, even at very low concentrations over a long period of time, represents a
significant risk to animals and humans. Therefore, it is necessary to assess the actual
toxic effect of the different combinations of mycotoxins as is occurs in practice and to
adopt new limit values in the same cases.
 It is now clear that the individual national programs for the control and prevention of mycotoxins
based on threat assessment in each country are not particularly relevant at present. Therefore,
additional carefully developed international biomonitoring and control, in addition to the
current control, is needed in order to take into account the new circumstances associated with
the much stronger toxic effects of some mycotoxins when they are taken up in certain
combinations such as those between OTA and PA or OTA and FB1 in order to ensure food
safety.
 There is also a need for international harmonization of regulations and control of the
content of various mycotoxins in order to ensure safe food trade, which must be based on
a carefully developed risk assessment of the hazard of any combination of certain
mycotoxins to human health.

Realized International Collaborations
University of Zagreb, Croatia
Institute for Medical Research and Occupational Health
kind of work
-analysis of feed / tissue / serum for OTA
-studies on carcinogenesis

Trakia University
Faculty of Vet. Medicine and
Agriculture (St. Zagora, Bulgaria)
kind of work

-production of animal experiments
-clinicomorphological studies
-antidote and carcinogenic studies
-selection of feed / animal samples

University of Johannesburg
Food, Env. & Hlth. Res. Group
and Rodes University (S Africa)
kind of work

-cell culture experiments
-production of mycotoxins of interest
-mycotoxicological and mycological analyses
-comparison – Bulgarian-African nephropathy

Imperial College – London and
University of Kaposvar - Hungary
kind of work
-experiments with pigs
-mycological studies of feed / food
-production of OTA and FB1
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