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•Biomarker: biological marker; a characteristic that is objectively
measured and evaluated as an indicator of normal biological processes,
pathogenic processes, or pharmacologic responses to a therapeutic
intervention.

� Biomarker of exposure: a characteristic to assess the exposure of
xenobiotics of individuals through an estimation of their metabolites in
biological fluids.

� Biomarker of effect: a characteristic measured through a biochemical,
physiological, behavioural, or other alternation within an organism
that, depending upon the magnitude, can be recognized as associated
with an established or possible health impairment or disease.

� Biomarker of susceptibility: an indicator of an inherent or acquired
ability of an organism to respond to the challenge of exposure to a
specific xenobiotic substance.
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•Biomarker-driven research to assess the exposure to 
xenobiotics:

• Based on concentrations of the parent 
compounds.

• Based on concentrations of the metabolites.

•Identification and validation of biomarkers of 

exposure.

2nd HBM4EU Training School, Nijmegen, November 19-23, 2018
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Biological fluids to analyze biomarkers:

• Urine

• Blood and/or plasma/serum

• Feces

• Breast milk

• Hair

2nd HBM4EU Training School, Nijmegen, November 19-23, 2018
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BIOMARKERS: DETERMINATION

• Mycotoxin screening methods

• Confirmatory methods

2nd HBM4EU Training School, Nijmegen, November 19-23, 2018
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Mycotoxin biomarker screening methods

� Quantitative

� Enzyme-Linked ImmunoSorbent Assay (ELISA)

� Fluorescent Labelled ImmunoSorbent Assay (FLISA)

� Fluorescent Polarization ImmunoAssay (FPIA)

� Biosensors

� Qualitative/Semi-quantitative

� Membrane/paper tests

o Lateral flow/dipstick

2nd HBM4EU Training School, Nijmegen, November 19-23, 2018
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Confirmatory methods

� Liquid chromatography:

� Mass-spectrometry (MS)

o Multi-mycotoxins

o Low limit of detection

� High Resolution MS (HRMS)

o Identify and detect new biomarkers - structural

elucidation. 

o Untargeted analysis or screening.

o Screening method to simultaneously detect a large 

number of compounds.

2nd HBM4EU Training School, Nijmegen, November 19-23, 2018



10

OverviewHBM4EU project

• Contaminate agricultural commodities during cultivation,

harvesting, transport, processing and storage.

Mycotoxins: Toxic fungal secondary metabolites

2nd HBM4EU Training School, Nijmegen, November 19-23, 2018

• Most important producing genera: 

� Aspergillus

� Fusarium 

� Penicillium 
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Mycotoxins: classification



•International Agency for Research on Cancer (IARC)

•Classification according to evidence of carcinogenicity to humans
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Deoxynivalenol (DON)
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• Produced by Fusarium species and type B trichothecene. 

• Highly common in cereals and cereal-based products 

(bread, pasta, beer, …).

• Group 3 carcinogen.

•Modified or masked DON:

� Deoxynivalenol-3-glucoside (DON-3-glucoside): even more present than 

DON after food processing. 

� 3- and 15-acetyldeoxynivalenol (3- and 15-ADON).



� DON glucuronides form are the main metabolites (DON-15-glucuronide and

DON-3-glucuronide) followed by DON.

� Next presentation on human intervention trial.

•Deepoxy-DON in feces
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•DON is fast and mainly excreted by urine:
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•Animals produce more DON metabolites than humans
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Nivalenol (NIV)
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•Produced by F. cerealis, F. poae, F. graminearum, and F. 

culmorum and type B trichothecene. 

•Observed in cereals, especially in wheat products.  

•Group 3 carcinogen.

•It has demonstrated immuno-, hemato-, myelotoxicity,

and developmental and reproductive toxicity.
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•The metabolism of NIV has been scarcely investigated.

•A study was not able to detect NIV in human urine.

•The non-detection of NIV could be assigned to the fact

that NIV was probably predominantly excreted in the

glucuronidated form, similar to DON.

•Deepoxy-NIV is a predominant compound in feces

(Hedman & Pettersson, 1997). 
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Fusarenon-X (FUS-X)
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•Produced by different Fusarium species and type B

trichothecene.

•Mainly found in cereals and co-occurs with DON and NIV.

•Group 3 carcinogen.

•Exerts intestinal inflammation, inhibits protein synthesis,

induces apoptosis, and alters genetic material.



22

Fusarenon-XHBM4EU project

2nd HBM4EU Training School, Nijmegen, November 19-23, 2018

•FUS-X is highly converted to NIV in liver and kidney.

•Focus on quantification of NIV both in urine and plasma.
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T-2 toxin (T-2)
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•Produced by various Fusarium type A trichothecene.

•Detected in cereals and cereal-based products.

•Group 3 carcinogen.

•Act as a potent inhibitor of protein synthesis and

mitochondrial function; immunosuppressive and cytotoxic

effects.

•HT-2 and T-2-glucoside as modified T-2.

•JECFA concluded that the toxic effects of T-2 and HT-2
cannot be differentiated.



• HT-2 is the predominant compound during in vitro

and in vivo studies, and should therefore be

considered as the main T-2 biomarker in urine and in

plasma.

• There are more T-2 metabolites which have not been

detected in human urine.

• Differences among animals.
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Diacetoxyscirpenol (DAS)
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•Mainly produced by Fusarium species type A

trichothecene.

•Main food group contributing to the occurrence of

4,15-DAS is cereals, and most reports are on

sorghum, wheat, rice, and maize.

•Group 3 carcinogen.

•Shows immuno- and hematotoxic effects, pulmonary

disorders growth retardation, and cardiovascular

effects.

Diacetoxyscirpenol
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•DAS is metabolized in a wide range of metabolites, 
but its metabolism is species-dependent. 

•Main DAS biomarker:

• In urine and feces: 15-monoacetoxyscirpenol 
(15-MAS)

• In plasma: scirpentriol (SCP) 

•Future research need to reveal if glucuronidated DAS
can be assigned as relevant DAS biomarkers in urine. 

Diacetoxyscirpenol
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Diacetoxyscirpenol



32

Ochratoxin AHBM4EU project

2nd HBM4EU Training School, Nijmegen, November 19-23, 2018

Ochratoxin A (OTA)
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• Mainly produced by Penicillium and Aspergillus. 

• Observed in cereals and cereal-based products, coffee, 

grapes, and nuts. 

• Group 2B carcinogen

• Exerts nephrotoxicity and possesses carcinogenic, 

teratogenic, immunotoxic, and neurotoxic properties. 
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•OTA low level of metabolization

•OTA, OTB (the dechlorinated form of OTA), OTα
(formed by the cleavage of the phenylalanine moiety of
OTA), and their glucuronides are suggested to be the
most prevailing fraction of total excreted OTA.

•Use these metabolites as OTA-biomarkers of exposure
both in urine and plasma.
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Citrinin (CIT)
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•Produced by Penicillium and Aspergillus.

•Occurs mainly in cereals and cereal-based products.

•Group 3 carcinogen.

•Affects the kidney function in different species, but it

appears to be considerably less toxic than OTA,

results in necrosis of the distal tubule epithelium in

the kidneys.
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•Dihydro-citrinone (DH-CIT) should be considered as the

most relevant metabolite in urine (84%).

•The lack of information on other metabolites can lead to

an underestimation of CIT-exposure as possibly relevant

other CIT-biomarkers have not yet been identified.

•Fast excretion in urine after 22.5 h (Degen et al., 2018).
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Fumonisins (Fb)
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•Produced by F. verticilloioides, F. proliferatum, and F.

nygama.

•Observed in maize.

•12 fumonisins with the most important being fumonisin

B1 (FB1), fumonisin 2 (FB2) and fumonisin 3 (FB3).

•FB1 is classified as a Group 2B carcinogen.

•Causes hepato-, nephron-, cytotoxic effects, and
carcinogenic effects.
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•FB low level of metabolization, mainly excreted as free

form (>90%).

•FB have low absorption and are mainly excreted via the

fecal route (> 90%). The level of FB detected in human urine

is low.

•The accumulation of FBs in hair evidenced that FB1 in hair

could be used as a biomarker for a long-term dietary

exposure.
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•In urine FB in free form, and N-acyl-fumonisin 1 (NAFB1)

and N-acyl-hydrolysed fumonisin 1 (NAHFB1).

•Ration spinganine to sphingosine functional FB biomarker

in animals.
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Zearalenone (ZEN) 
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•Produced by F. graminearum, F. culmorum, F. equiseti, and F.

verticilliodes.

•Occurs in cereals.

•Group 3 carcinogen.

•A powerful estrogenic activity as its hormonal action exceeds

that of most other naturally-occurring non-steroidal estrogens.

•Stimulation of the growth of human breast cancer cells
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•Reduction, hydroxylation and glucuronidation are the

major metabolic pathways of ZEN.

•Biomarker-analysis in urine should focus on free ZEN,

α-zearalenol (α-ZEL), β-ZEL, and some of the most

common hydroxylation and glucuronidation products

like 8-hydroxy-zearalenone (8-OH-ZEN), 13-OH-ZEN,

15-OH-ZEN, and ZEN-14-glucuronide.
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Aflatoxins (AF)
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•Produced by Aspergillus flavus, A. parasiticus and A.

nomius.

•Aflatoxin B1 (AFB1), aflatoxin B2 (AFB2), aflatoxin G1

(AFG1), and aflatoxin G2 (AFG2).

•Occur in cereals, dairy products, spices and dried fruits.

•Group 1 carcinogen.

•Major risk factor for hepatocellular carcinoma, other

effects: immunosuppression, reduced growth rate, lowered

milk and egg production, reduced reproductivity, reduced

feed utilization and efficiency, and anaemia.
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•Focus needs to be set towards the urinary analysis of
AFB1, AFB2, AFG1, AFG2, AFM1, AFQ1, AFP1 and AF
guanine.

•AFB1-lysine is a validated biomarker of chronic exposure in
plasma.

•More knowledge on AFB2, AFG1, and AFG2 metabolism is
necessary.
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Sterigmatocystin (STC) 
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•Biochemical precursor of aflatoxins and produced

by several Aspergillus species.

•Regularly detected in food, feed, but also in
indoor environments, such as carpet and building
materials.

•Group 2B carcinogen.

•Induces lung adenocarcinoma in mice and
malignant trans-formations in human foetal lung
tissue.
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•Lack of information on STC metabolites. 

•STC glucuronides could be the predominant metabolites 

from STC. 

•More information is necessary regarding STC.
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•Every mycotoxin is different: different metabolites and different
excretion.

•Every specie is different: different metabolites and different
excretion.

•Lack of research:

• In vitro: to elucidate metabolites.

• In vivo: to elucidate excretion profile.

•Needed for identification and validation of mycotoxin

biomarkers of exposure in different matrices.

•Multiple biomarker-driven explorations.
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