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Questions – hands up

• Who does not serve a neonatal 
unit?

• Who serves a tertiary 
(paediatric) liver centre?



Questions – hands up

• Who knows the bilirubin method 
of their tertiary (paediatric) liver 
centre?

• How does your bilirubin method 
compare to the bilirubin method 
of your tertiary (paediatric) liver 
centre?



Bilirubin

• C33H36N4O6

• 584.673 g·mol−1

• Hydrophobic and water-
insoluble at a pH of 7.4



Bilirubin



Bilirubin assays

• 1883: Paul Ehrlich devised a method 
of detecting urine bilirubin using 
diazotised sulfanilic acid to form the 
red pigment azobilirubin

• 1918: Van den Bergh and Muller first 
applied this method to serum samples

• Van den Bergh made the novel 
distinction between direct and 
indirect bilirubin due to accidentally 
omitting alcohol 

• There have been many modifications 
to the diazo method over the years

- Thaler M, Luppa PB, Schlebusch H. Bilirubin measurement–an updated 
survey1.LaboratoriumsMedizin. 2008;32(1)
- Ehrlich P. Sulfodiazobenzol als reagens auf bilirubin. Zeitschrift für analytische
Chemie.1884;23(1):275-6.
- van den Bergh AAH. Über eine direkte und eine indirekte Diazoreaktion auf Bilirubin 1916



Neonates – are common

• Physiological jaundice is estimated 
to develop in as many as 50% of 
term and 80% of preterm neonates
• the degradation of excess 

erythrocytes in the first few days of 
life

• the immature neonatal liver has 
reduced activity of the conjugating 
enzyme glucuronyl transferase, with 
only around 1% of adult levels

• Other contributory factors include 
• shorter life span of neonatal 

erythrocytes (60-90 days in term & 35-
50 days in preterm neonates)

• smaller capillary diameter and 
• birth related bruising

• Accumulation of free hydrophobic 
unconjugated bilirubin may result 
in serious clinical sequelae in the 
new-born as it is capable of 
permeating across the blood brain 
barrier, causing injury to neural 
tissue and long term neurological 
dysfunction



Neonatal Hyperbilirubinaemia – is common

• 1.2.1 Identify babies as being more likely 
to develop significant hyperbilirubinaemia
if they have any of the following factors: 
• gestational age under 38 weeks 
• a previous sibling with neonatal jaundice 

requiring phototherapy 
• mother's intention to breastfeed exclusively 
• visible jaundice in the first 24 hours of life. 

• 1.2.6 Do not rely on visual inspection 
alone to estimate the bilirubin level in a 
baby with suspected jaundice

• 1.2.7 Do not measure bilirubin levels 
routinely in babies who are not visibly 
jaundiced
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Neonatal Hyperbilirubinaemia

• Pathological hyperbilirubinaemia
should be suspected when jaundice 
is prolonged or responding poorly 
to phototherapy

• Any neonate of >37 weeks 
gestation noted to be jaundiced 
beyond 14 days of life or beyond 21 
days of life in neonates with a 
gestational age <38 weeks should 
be evaluated for cholestasis and 
expert advice should be sought 
from a neonatal hepatologist. 



Neonates

• Cholestasis or cholestatic liver 
disease (CLD) has an incidence 
of 1 in 2,500 births

• It may be intrahepatic, 
extrahepatic or both

• Causes may be largely 
categorised as structural, toxic, 
metabolic, endocrine or 
idiopathic

• Biliary atresia is the most 
common cause of cholestatic 
jaundice in the first few months 
of life, accounting for 25%-40% 
of cases, followed by viral 
infections and alpha-1 
antitrypsin deficiency (α-1ATD) 
which is the most common 
inherited aetiology of neonatal 
chronic liver disease. 

• α-1ATD has a relatively high 
prevalence in Ireland



Bilirubin assays continued

• 1986: Perry et al described the first oxidative method 
for the measurement of total bilirubin

• 1987: Adapted by Doumas et al for direct bilirubin. 
using bilirubin oxidase to oxidise bilirubin to 
biliverdin, causing a colour change from yellow to 
purple, then to a colourless product. 

• This method has a superior tolerance to haemolysis 
interference; however, analyte underestimation is an 
issue due to incomplete enzymatic oxidation. 

• 1991: Patent filed by Wako Pure Chemical Industries 
Ltd for the manufacture of a commercial kit using a 
novel method to measure bilirubin using vanadate 
oxidase as an oxidising agent (discovered by Kuniaki
Toduda)

• This method claims to have superior oxidation capabilities 
than enzymatic methods, thus improved correlation with 
conventional methods and to be less effected by 
interfering molecules including haemoglobin

-Puppalwar P, Goswami K, Dhok A. Review on “evolution of methods of bilirubin 
estimation”. IOSR Journal of Dental and Medical Sciences. 2012;1(3):17-28. 
-Perry B, Doumas B, Buffone G, Glick M, Ou C, Ryder K. Measurement of total bilirubin by 
use of bilirubin oxidase. Clinical chemistry. 1986;32(2):329-32. 
-Doumas B, Perry B, Jendrzejczak B, Davis L. Measurement of direct bilirubin by use of 
bilirubin oxidase. Clinical chemistry. 1987;33(8):1349-53. 
-Tokuda K TK. Method for Measuring Bilirubin, European Patent Specification. EP 0 484 
133 B1. 1992. 
–Tokuda K. A new method of measuring bilirubin in serum by vanadic acid. Jpn J Clin 
Chem. 1993;22:116-22.



Bilirubin assays continued

•Which method are the NICE 
(and other) guidance based 
on?
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Haemolysis in neonates

• In 2020, 44% of neonatal samples 
received were rejected due to haemolysis 
levels exceeding the manufacturer’s 
stated limit for interference 

• The second generation of the Roche 
direct bilirubin assay (BILD2) – a 2-point 
end assay which uses the diazo method

• These findings are similar to those 
observed in the University of Iowa 
Hospitals and Clinics laboratory which 
focussed on 47,333 retrospective samples 
and found that 51.3% of specimens from 
patients less than 2 years of age exceeded 
the HI for the Roche direct bilirubin 
method

• What to do?

• Option 1: to continue current practice of 
rejecting haemolysed samples for direct 
bilirubin. 

• Option 2: to report quantitative results 
despite potential interference with a 
disclaimer to indicate sample is 
haemolysed. There is a clinical risk 
involved with this option as inaccurate 
results may be misleading. 

• Option 3 is to explore an alternative 
method of measurement with a higher 
limit of haemolysis interference.



Haemolysis in neonates

• Measurement of direct bilirubin 
by the Wako method is 
unaffected by interference from 
haemolysis up to approximate 
haemoglobin concentration of 
310 µmol/L compared to the 
current Roche threshold of 15.5 
(µmol/L)
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Roche vs. Wako Bilirubin

• 3081 neonatal specimens were 
received in the biochemistry 
laboratory between the 
01/01/2020 and 30/06/2020 for 
direct bilirubin measurement

• 54% had HI values above the limit 
for rejection (15.5 in µmol/L). 

• Had the Wako assay (HI limit of 310 
in µmol/L) been in use during this 
time, the overall rejection rate 
would have been drastically 
reduced to 2.53%. 

• It had not been decided whether 
the Wako assay will replace the 
Roche assay post verification or if it 
will act as a reflex test for samples 
exceeding HI values of 15.5 µmol/L

• An obstacle to the immediate 
replacement of the assay is due to 
the negative bias of the Wako 
method compared with the diazo 
method. 

• New reference ranges and action 
limits would be required



WEQAS

• Total Bilirubin
• 91 Roche Diazo

• 51 other platform Diazo

• 16 other platform Vanadate 
oxidation



Post-analytical







PS

Commutable quality assurance 
material with analytical 
performance specifications that 
are fit for the purpose of assessing 
and confirming assay 
performance, especially at the 
clinical decision points for 
neonatal jaundice, is also needed



Questions?




