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Abstract
Background: Aflatoxin B 1 induced hepatitis was reported
to be associated with characteristic features of centrizonal
scarring, hepatic venous occlusion, ductular proliferation and
cholestasis, focal syncytial giant cell giant cell transformation
of hepatocytes, and pericelluar fibrosis which is congruent
to biopsy findings in extra hepatic biliary atresia (EHBA).

Introduction
AFLATOXINS are a group of highly substituted
coumarins that are acute coagulants [1] . Aflatoxins
are abundant in nature, of them aflatoxin B 1 and
B2 contaminate food of humans, animals and poultry. Aflatoxin M1 and M2 are the cytopathic metabolites of aflatoxin B 1 and of aflatoxin B2 that
are expressed in milk [2] . Epidemic of toxic hepatitis
in India in 1978 of aflatoxin B 1 was associated
with characteristic features of centrizonal scarring,
hepatic venous occlusion, ductular proliferation
and cholestasis, focal syncytial giant cell giant cell
transformation of hepatocytes, and pericelluar
fibrosis [3] . The same pathology findings are present
in livers of infants with extrahepatic biliary atresia
(EHBA) [4] . EHBA is characterized by destructive
inflammatory process that affects intrahepatic and
extrahepatic bile ducts leading to fibrosis and
obliteration of the biliary tract with the eventual
development of biliary cirrhosis [5] . The causative
agent is unknown, but the inflammatory cascade
is immune mediated [4,6-9] .

Aim of Work: Is to study aflatoxins B1, B2, M1 and M2
in infants with EHBA.
Material and Methods: Aflatoxins B1, B2, M1 and M2
were analyzed in sera and post-Kasai portoenterostomy sacrificed portahepatis liver tissue of 24 neonates and infants
with EHBA, sera and breast milk of their mothers. Levels
were compared to 17 infants with idiopathic neonatal hepatitis
and their mothers' sera and milk. Two-dimensional thin layer
chromatography and high performance liquid chromatography
were employed for assessment of aflatoxins. Study commenced
by July, 2001 and ended July, 2004, in New Children Hospital,
Cairo University.
Results: All infants with EHBA were exclusively breast
fed. All post-portoenterostomy cores were loaded with aflatoxins B1, (mean ± SD=2.88 ±0.88 ppb), and only 2 had B2
(mean ± SD=2.58±0.63 ppb). Their serum contained higher
levels of B 1 (mean ± SD=3.8± 1.73 ppb) (p=0.02). All their
mothers had aflatoxin B 1 in their sera (mean ± SD=5.6±6.9
ppb) and aflatoxin M1 in their expressed breast milk (mean
± SD=1.6± 1.02 ppb), and their aspartate and alanine transaminases, serum bilirubin levels, albumin and prothrombin time
were within normal range. None of the idiopathic neonatal
hepatitis group had any detectable aflatoxins B1, B2, or M1
in their sera or in their mothers' sera or milk. Aflatoxin M2
was not detected in any of studied infants' sera, or their
mothers or their milk. Infants with aflatoxin B2 had worse
outcome.

This work aimed to study aflatoxins B1, B2,
M 1 and M2 in EHBA.
Subjects and Methods

Conclusion: Porta hepatis adjacent liver tissue was heavily
loaded with aflatoxin B 1 in all infants with EHBA. Though
EHBA infants and their mothers had very high blood levels
of aflatoxin B1, mothers did not have any symptoms. Only
two infants had elevated aflatoxin B2 levels. Cytotoxic aflatoxin M1 was transmitted to infants through breast milk.

Twenty-four infants known to have EHBA,
who were attendants of Hepatology Clinic, New
Children Hospital, Cairo University, were enrolled
in this study. Their mothers were also included in
the study. Mothers consented to the trial. It commenced by July, 2001 and ended by July, 2004.
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Aflatoxins B 1, B2, M 1 and M2 were analyzed
in sera and in the sacrificed portahepatis liver tissue
at Kasai portoenterostomy of infants with EHBA.

207

208

Aflatoxins in Infants with Extrahepatic Biliary Atresia

Sera and breast milk of their mothers were studied
as well. Levels were compared to 17 infants with
idiopathic neonatal hepatitis and their mothers'
sera and milk.
Diagnosis of EHBA relied upon clinical picture,
specific percutaneous liver biopsy findings [4] , and
operative findings, and diagnosis of idiopathic
neonatal hepatitis relied upon exclusion of causes
of neonatal hepatitis [10] . Outcome grading was
according to Grosfeld et al., (1989) [11] .
Analysis for aflatoxins:
Each liver tissue specimen was divided in two
and each half was tested twice to verify and reproduce the results. The tissue was homogenized with
sodium chloride solution, then centrifuged and
conditioned. Aflatoxins extraction and clean up
was performed for liver tissue, sera [12] and milk
[1] . Two-dimensional thin layer chromatography
was used to detect and determine aflatoxins [13] .
Confirmation by formation of aflatoxin hemiacetal
with sulfuric acid [14,15] was followed by high
performance liquid chromatography quantitative
determination using water: Methanol: Acetonitrile
(67: 20: 13, v/v) solvent system [16] . Levels were
expressed as part per billion (ppb).
Statistical analysis:
Statistical analysis in this study was conducted
using the Statistical Package for Social Sciences
version 15 (SPSS, Chicago, IL, USA). Simple
frequency, descriptive analysis, cross-tabulation,
tests of significance ( t-test for parametric data, and
x2 tests for non parametric data) were employed.
Results
The enrolled 24 infants suffering from EHBA
had undergone Kasai portoenterostomy at a mean
age ± standard deviation (SD) of 82 ± 21 days,
(range 47-132 days), all had non-correctable type
of EHBA. 12 (50%) were products of consanguineous marriages. None had history of similar family
member affection. They were all exclusively breast
fed. Apart from statistically significant higher
gamma glutamyl transpeptidase (p=0.000), there
was no statistical difference among studied infants
as regards their serum bilirubin, transamianases,
and prothrombin concentration (Table 1).
Aflatoxin levels:
All post-portoenterostomy cores were loaded
with aflatoxins B1, (mean ± SD=2.88 ±0.88 ppb),
and only 2 had B2 (mean ± SD=2.58±0.63 ppb).
Their serum contained higher levels of B 1 (mean
± SD=3.8 ± 1.73 ppb) (p=0.02). Their mothers had

aflatoxin B 1 in their sera (mean ± SD=5.6±6.9
ppb) and aflatoxin M1 in their expressed breast
milk (mean ± SD=1.6 ± 1.02 ppb), and their aspartate
and alanine transaminases, serum bilirubin levels,
albumin and prothrombin time were within normal
range. None of the idiopathic neonatal hepatitis
group had any detectable aflatoxins B1, B2, M1
or M2 in their sera or in their mothers' sera or milk.
Aflatoxin M2 was not detected in any of studied
infants' sera, or their mothers or their milk.
Outcome:
Among the EHBA group after 18 months of
follow-up, none had cleared their jaundice and had
good bile flow (successful outcome), 8 (33.3%)
had persistent jaundice, moderate bile flow and
stable disease (improved outcome), 4 (16.7%) had
no bile flow and progressive disease (failed outcome), and 12 (50%) died within 18 months of
operative intervention (mean ± SD=3.49 ± 6.4
months, range=0.3-18 months). Outcome severity
did not correlate with level of aflatoxins in blood
or liver tissue (p=0.54). The 2 infants with aflatoxin
B2 suffered from death within 18 months of operative intervention. Among those with idiopathic
neonatal hepatitis, cholestasis resolved in 12
(70.5%) completely, while 5 (29.4%) did not, where
2 had improved outcome and 3 suffered failed
outcome with progressive course.
Table (1): Serum bilirubin, transamianases, gamma glutamyl
transpeptidase and prothrombin concentration in
studied infants.

Total bilirubin (mg%)
Direct bilirubin (mg%)
ALT folds of upper range
of normal
AST folds of upper range
of normal
GGT folds of upper range
of normal
Prothrombin concentration
in %

EHBA
24 infants

INH
17 infants

p
value

13.3±3.4
9.6 ±2.9
3.1 ±0.72

11.6 ±2.9
8.5 ± 1.9
3.25±0.92

0.15
0.089
0.63

4 ± 1.22

4.12 ± 1.2

0.70

14.33 ±3.6

5.9±2.8

0.000*

73.2±9.2

63.8 ± 16.5

0.067

EHBA = Extrahepatic biliary atresia.
INH = Idiopathic neonatal hepatitis.
ALT = Alanine aminotransferase.
AST = Aspartate aminotransferase.
GGT = Gamma glutamyl transpeptidase.

Discussion
All infants with EHBA had elevated levels of
aflatoxin B 1 in liver tissue and sera, two infants
had elevated levels of aflatoxin B2, and all their
mothers had elevated aflatoxin B 1 in sera, and
aflatoxin M1 in their milk. None of the idiopathic
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neonatal hepatitis infants or their mothers had any
detectable levels of aflatoxins in their sera or breast
milk. Aflatoxin M2 was not detected in any of
studied infants' sera, or their mothers or their milk.
Given that aflatoxins B 1 are only transmitted
from eating food contaminated by aflatoxins [1-3] ,
and all infants with EHBA enrolled in this study
were exclusively breast fed, the aflatoxins must
have been transmitted through the placenta from
the mothers to their fetuses [17,18] . If aflatoxins
were responsible for the damaged livers why were
livers of the mothers spared? And why do infants
with EHBA develop cholestasis late and not at
birth or immediately after birth? If aflatoxins were
responsible for extra damage, why were both groups
matched as regards the serum bilirubin and transaminases? Are aflatoxins responsible for raised
gamma glutamyle transpeptidase in EHBA? If so
why were mothers spared?
Aflatoxins B1 and B2 have a relatively short
half-life [19] , and when metabolized by cytochrome
P 1 A2, they are converted to M1 and M2 which
are water soluble and expressed in urine and milk
[20] . Aflatoxin M 1 is evanescent with a half life of
15min [21] . The reports describing aflatoxin M1 in
breast milk, reported that the infants who received
this breast milk with aflatoxin M1 were free of
liver disease, albeit strong association with stunting
and wasting [22] .
Moreover, aflatoxin M1 and M2 are cytopathic
under specific conditions [21] . Mothers did not
seem to be affected with the elevated levels of
aflatoxin B 1 in their sera or M 1. Our results support
the assumption that aflatoxin M1 in the breast milk
that the infants with EHBA feed might be responsible for the repeated attacks of cholangitis, even
after timely Kasai, yet the reports of infants receiving breast milk that contains aflatoxin M1 without
having liver affection is a strong argument against
this assumption as such [22] .
In Conclusion: Porta hepatis adjacent liver
tissue was found heavily loaded with aflatoxin B1
in all infants with EHBA. Though EHBA infants
and their mothers had very high blood levels of
aflatoxin B1, mothers did not have any symptoms.
Cytotoxic aflatoxin M1 was transmitted to infants
through breast milk. We report that neither sera of
infants with idiopathic neonatal hepatitis nor their
mothers contained aflatoxins B1 or B2.
Acknowledgment:
I acknowledge with great respect my gratitude
to late Professor Mohamed Safouh, Professor of
Pediatrics, Faculty of Medicine founder of Division

of Pediatric Hepatology and Nutrition, and late
Professor Ahmed Kotb, Professor of Pediatrics,
Faculty of Medicine, Cairo University and cofounder of Division of Pediatric Hepatology and
Nutrition, and co-founder of New Children Hospital, Cairo University, Egypt, and founder of Center
for Social and Preventive Medicine, and late Professor Tahany Hassan, Professor of Parasitology,
Faculty of Medicine, Cairo University, Egypt. I
thank Professor El Sayed A.M. Abdalla, Mycotoxin
Central Laboratory*, National Research Center,
Dokki, Cairo, Egypt, Professor Mona Aziz, Professor of Clinical Pathology, Faculty of Medicine,
Cairo University, Hanan Zekry, Assistant Professor,
Faulty of Medicine, Cairo University, late Wael
Mostafa Pediatric Surgery Resident, Faculty of
Medicine, Cairo University, Egypt and Miss Amira
Mohamed, Lab Technician, New Children Hospital,
Cairo University. I declare no conflict of interest
and that this work was totally personally funded
by Magd Ahmed Kotb, Professor of Pediatrics,
Cairo University, Egypt, with no other source of
funding. There was no support from any organization for this submitted work.
References
1- ABDALLAH E.A.M., SEDFY H.H., ABD EL FATTAH
S.A. and EBAID Z.A.: Aflatoxins in chronic liver disease.
Egypt J. Ped., 14 (1-2): 97-104, 1997.
2- HATHOUT A.S., SADEK Z.I., FODA M.I. and ALY S.E.:
Assessment of aflatoxin M1 levels and micobiological
quality in Egyptian white soft cheese. World Appl Sci.
J., 26: 857-866, 2013.
3- TANDON H.D., TANDON B.N. and RAMALINGASWAMI V.: Epidemic of toxic hepatitis in India of possible
mycotoxic origin. Arch. Pathol. Lab. Med., 102 (7): 3726, 1978.
4- KOTB M.A., EL HENAWY A., TALAAT S., AZIZ M.,
EL TAGY G.H., EL BARBARY M.M. and MOSTAFA
W.: Immune-mediated liver injury: Prognostic value of
CD4+, CD8+, and CD68+ in infants with extrahepatic
biliary atresia. J. Pediatr. Surg., 40 (8): 1252-7, 2005.
5- KOTB M.A., El RAZKY M., El KARAKSY H.M., El
RAZKY M., OKASHA M., ISA M., EL DESSOUKY
N., EL BARBARY M.M., EL TANTAWY H. and MOSTAFA W.: Evaluation of TC sign by 3 dimensional
sonography in extrahepatic biliary atresia. Med. J. Cairo
Univ., 78 (4) Suppl: 103-106, 2005.
6- AHMED A.F., NIO M., OHTANI H., NAGURA H. and
OHI R.: In situ CD 14 expression in biliary atresia: Comparison between early and late stages. J. Pediatr. Surg.,
36 (1): 240-3, 2001.
7- KOTB M.A. and AZIZ M.: Antineutrophil cytoplasmic
antibodies and other antibodies in neonatal hepatitis and
extrahepatic biliary atresia. Sci. Med. J., 12 (3): 41-51,
2000.
8- KOTB M.A.: Neutrophil elastase mediated damage in
infants with extrahepatic biliary atresia: A prospective
cohort study. Med. J. Cairo Univ., 82 (2): 233-237, 2014.

210
9- CHOU M.H., CHUANG J.H., ENG H.L., CHEN C.M.,
WANG C.H., CHEN C.L. and LIN T.M.: Endotoxin and
CD14 in the progression of biliary atresia. J. Transl. Med.,
8: 138, 2010.
10- KOTB M.A.: Ursodeoxycholic acid in neonatal hepatitis
and infantile paucity of intrahepatic bile ducts: Review
of a historical cohort. Dig. Dis. Sci., 54 (10): 2231-41,
2009.
11- GROSFELD J.L., FITZGERALD J.F., PREDANIA R.,
WEST K.W., VANE D.W. and RESCORLA F.J.: The
efficacy of hepatoportoenterostomy in biliary atresia.
Surgery, 106 (4): 692-700, 1989.
12- SIRAJ M.Y., HAYES A.W. and UNGER P.D.: Analysis
of aflatoxin B 1 in human tissues with high pressure liquid
chromatography. Toxicol. Appl. Pharmacol., 58: 422-430,
1981.
13- DICKNESS J.E., MCCLURE W.F. and WHITAKER T.B.:
Densitometric equipment for rapid quantification of
aflatoxin on thin layer chromatographs. J. Am. Oil. Chem.
Soc., 57: 205-208, 1980.
14- JONES D.B.: Methods of aflatoxin analysis. Tropical
Products Institutes, London, 1972.
15- Association of Official Analytical Chemists (AOAC):
Official methods of analysis, Chapter 49 (15 th edition).
Washington DC, USA, 1990.
16- TSUBIO S., NAKAGAWA T. and TOMITA A.: Detection

Aflatoxins in Infants with Extrahepatic Biliary A tresia
of aflatoxin B 1 in serum samples of male Japanese subjects
by radioimmunoassay and high performance liquid chromatography. Cancer Res., 44: 1231-4, 1984.
17- HSIEH L.L. and HSIEH T.T.: Detection of aflatoxin B 1DNA adducts in human placenta and cord blood. Cancer
Res., 53 (6): 1278-80, 1993.
18- PARTANEN H.A., EL-NEZAMI H.S., LEPPANEN J.M.,
MYLLYNEN P.K., WOODHOUSE H.J. and VAHAKANGAS K.H.: Aflatoxin B1 transfer and metabolism in
human placenta. Toxicol. Sci., 113 (1): 216-25, 2010.
19- COULOMBE R.A.Jr. and SHARMA R.P.: Clearance and
excretion of intra-tracheally and orally administered
aflatoxin B1 in rat. Food Chem. Toxicol., 23 (9): 827830, 1985.
20- GALLAGHER E.R., KUNZE K.L., STAPLETON P.L.
and EATON D.L.: The kinetics of aflatoxin B 1 oxidation
by human cDNA-expressed and human liver microsomal
cytochromes P450 1A2 and 3A4. Toxicol. Appl. Pharmacol., 141 (2): 595-606, 1996.
21- MUHAMMAD, IRSHAD M. and AHMAD T.: Occurrence
of aflatoxin M1 (AFM1) in milk and its toxicity for human
health. Reviews of Progress, 1 (30): doi 10.9780/23213485/1302013/71, 2013. Accessed on January 3 rd , 2015.
22- LOMBARD M.J.: Mycotoxin exposure and infant and
young child growth in Africa: What do we know? Ann.
Nutr. Metab., 64 (Suppl 2): 42-52, 2014.

