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ABSTRACT
Introduction: In a routine clinical laboratory having more than
one automated system, comparison of methods experiment
provides a means to assess any method’s performance. It helps
to estimate systematic (constant and proportional) difference
between two methods. If the difference between two methods
is small and clinically acceptable, then these two methods can
be used interchangeably. In this study, we have compared direct
bilirubin on two automated systems and tried to analyze the
cause behind the difference between the two.
Materials and methods: Serum samples obtained from normal
individuals as well as those with unconjugated and conjugated
hyperbilirubinemia were analyzed on Cobas 6000 and Olympus
AU 2700 simultaneously.
Results: There was a significant difference in the values of
direct bilirubin in patients with conjugated hyperbilirubinemia on
the two automated systems. No difference was seen in normal
persons and in patients with unconjugated hyperbilirubinemia.
Conclusion: Delta bilirubin might be a contributing factor to the
difference between direct bilirubin on the two systems, as it is
expected only in patients with conjugated hyperbilirubinemia.
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INTRODUCTION
Fractionation of serum bilirubins is invaluable in the
diagnosis and treatment of hepatic disorders, hemolysis,
and neonatal jaundice. The chemical nature of direct and
indirect bilirubin fractions was elucidated by Billing et al.1
They isolated three bilirubin fractions, unconjugated bilirubin (indirect reacting), bilirubin monoglucuronide and
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diglucuronide that is conjugated bilirubin (direct reacting).
Kuenzle et al2 were the first to obtain four bilirubin fractions: unconjugated bilirubin (alpha-bilirubin), monoconjugated bilirubin (beta-bilirubin), diconjugated bilirubin
(gamma-bilirubin), and a fraction strongly bound to
protein (delta-bilirubin). They used an open column chromatography technique that did not involve deproteinization step. Only high-performance liquid chromatography
(HPLC) methods allow for relatively rapid separation
and quantification of all the four bilirubin fractions. Most
routine automated methods for bilirubin analysis utilize
diazo method modifications to fractionate bilirubin into
total and direct reacting fractions, also known as direct
bilirubin. Most of these routine methods are incapable of
differentiating delta bilirubin from other direct reacting
bilirubin fractions. Delta bilirubin is the serum bilirubin
fraction composed of bilirubin conjugates that are tightly
and covalently bound to serum proteins. It has a half
life in serum of 12 to 14 days, approximating to that of
albumin, the predominant serum protein.3
In this study, we processed serum samples on two
different automated systems and compared the results of
direct bilirubin measured by them and tried to find out
if there is any influence of delta bilirubin on the results.

MATERIALS AND METHODS
Samples received in the clinical biochemistry laboratory
for liver function tests were analyzed on Cobas 6000 and
categorized into normal and patients with conjugated
and unconjugated hyperbilirubinemia. Out of these 10
serum samples from healthy individuals, 10 samples
from patients with unconjugated hyperbilirubinemia,
and 40 samples from patients with conjugated hyperbilirubinemia were then analyzed on Olympus AU 2700
autoanalyzer. All the estimations were done on the day
of collection.
Instrument maintenance, calibration, and operation
were performed according to the manufacturer's recommendations. Cobas 6000 uses the diazo method in which
conjugated bilirubin and δ-bilirubin (direct bilirubin)
react directly with diazotized sulfanilic acid in acid buffer
to form the red-colored azobilirubin.4 In AU 2700, a stabilized diazonium salt, 3,5-dichlorophenyl diazonium
tetrafluoroborate couples directly with direct (conjugated)
bilirubin in an acid medium to form azobilirubin.5
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The personnel assaying the samples were experienced
in the methodology used. For Cobas 6000 system, the
within-run coefficient of variation (CV) for direct bilirubin
was 0.4% at 6.96 mg/dL and 0.2% at 12.5 mg/dL, and the
total CVs were 1.0% at 4.63 mg/dL and 0.4% at 16.2 mg/
dL. Within-run CVs for Olympus 2700 were 1.78% at 1.0
mg/dL and 1.16% at 6.78 mg/dL. The total CV was 2.92%
at 1.0 mg/dL and 2.2% at 6.78 mg/dL.
The results obtained from the two analyzers were
subjected to regression and correlation analysis and the
p-value was calculated by applying the t-test.

Table 3: Regression and correlation results between two
systems by taking Y = direct bilirubin in Cobas
Factor
Β
p-value
Constant
0.53
0.201
Direct bilirubin in Olympus 2700
1.39
0.000
r-value
0.966
0.000
Direct bilirubin in Cobas = 0.53 + 1.39 (direct bilirubin in Olym)

RESULTS
In normal individuals, the level of mean direct bilirubin
on Cobas 6000 was found to be 0.24 mg/dL, while that on
AU 2700 was 0.23 mg/dL. In patients with unconjugated
hyperbilirubinemia, the level of direct bilirubin came out
to be nearly equal in both the autoanalyzers, i.e., 0.72 mg/
dL on Cobas 6000 and 0.75 mg/dL on AU 2700. But on
comparing patients with conjugated hyperbilirubinemia,
the mean level of direct bilirubin on Cobas was found
to be higher at 8.32 mg/dL, while on AU 2700, it was
5.6 mg/dL with a significant p-value of 0.039 (Table 1).
The difference between the two was seen at all values of
direct bilirubin ranging between 0.5 and 25 mg/dL. When
the direct bilirubin estimated on Cobas 6000 at various
ranges was compared, it was seen that the mean value of
direct bilirubin of corresponding patients measured on
AU 2700 was on a lower side. As the value of direct bilirubin measured on Cobas increased, the difference between
the two systems increased proportionately (Table 2).
Table 1: Comparison of direct bilirubin on Cobas 6000 and
Olympus AU 2700

Group
Conjugated
hyperbilirubinemia
Normal persons
Unconjugated
hyperbilirubinemia

Cobas
Mean
(mg%) SD
8.32
5.65

Olympus
Mean
(mg%) SD
5.60
3.93

p-value
0.039

0.24
0.72

0.23
0.75

0.731
0.439

0.15
0.18

0.26
0.11

Table 2: Mean level of direct bilirubin at different ranges on
Cobas and Olympus
Direct
bilirubin
range
(mg%)
0–4
>4–<8
>8–<12
>12–<16
>16–<20
>20
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Mean level of direct
bilirubin measured
on Cobas 6000
(mg%)
1.98
6.03
10.2
12.6
18.1
25.2

Mean level of
direct bilirubin
on Olympus
2700 (mg%)
1.36
3.90
7.20
8.46
11.81
17.6

Difference
0.62
2.13
3.0
4.14
6.29
7.60

Graph 1: Relationship between direct bilirubin on Cobas and
Olympus (r = 0.996)

Regression and correlation analysis showed a constant
of 0.53 and an r-value of 0.966 (Table 3 and Graph 1).

DISCUSSION
The method and instrument validation is an important
issue in clinical laboratory work. Each new method
should be validated when introduced in routine laboratory work.6,7 A simple experiment that could be performed to assess performance is by the comparison of
methods.8 This experiment compares results obtained
using one method with those obtained using the other.
The aim of this experiment is to estimate the systematic
difference between the two methods, e.g., to find out if
there is a significant difference in their relative accuracy
using real patient samples.8 In this comparison study,
we saw that there was a constant difference between the
direct bilirubin values obtained on the Cobas c system
and those obtained on Olympus 2700. This difference
was not statistically significant in samples from healthy
individuals, as well as those with unconjugated hyperbilirubinemia. In both these categories, the direct bilirubin
level was within normal limits. However, in patients
with conjugated hyperbilirubinemia, direct bilirubin
estimated by Cobas was significantly higher than that
obtained from Olympus. The difference between the two
results was seen at all the ranges and it increased with
an increase in the level of direct bilirubin. Delta bilirubin
could be one of the factors behind this difference since it
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is expected only in the serum of patients with conjugated
hyperbilirubinemia3,9 Delta bilirubin fraction accounts
for a considerable amount of total bilirubin in the serum
of patients with conjugated hyperbilirubinemia The
percentage of total bilirubin accounted for by the delta
bilirubin fraction might differ considerably, depending
on the particular time in the course of illness that serum
samples were obtained.3 Ostrea et al,10 in a study on 40
infants with jaundice of various etiologies, reported that
delta bilirubin, a tightly protein bound bilirubin, was
observed in significant amounts in infants with elevated
direct bilirubin. Its concentration, which ranged from 10
to 73% of the total bilirubin, was related to the duration
rather than to the cause of the jaundice. No discriminating value in diagnosis could be attributed to the delta
bilirubin measurement. This may reflect differences in the
formation and clearance of delta bilirubin compared with
bilirubin monoconjugates and diconjugates. Ye et al,11
in their study on infants with biliary atresia, found
increased delta bilirubin levels with increasing levels of
conjugated bilirubin and a longer duration of cholestasis.
They concluded that understanding the relation among
delta bilirubin, conjugated bilirubin, and direct-reacting
bilirubin levels can help in the interpretation of the clinical
extent of cholestasis in infants and children with biliary
atresia, assisting in the diagnosis and management of
these infants.
Delta bilirubin estimation, while not absolutely essential for patient management, can provide useful information regarding the time course of an illness.12 Some
studies have shown that an increase in the percentage of
serum delta bilirubin indicates the effectiveness of biliary
drainage in man. An analysis of serum delta bilirubin for
7 days can distinguish good drainage patients from poor
drainage patients.13
Our study shows that the results of direct bilirubin
on the two systems differ and delta bilirubin could be
behind this, which can be confirmed by HPLC. This is a
limitation of this study since HPLC was not done. In view
of the significant difference in direct bilirubin values in
patients with conjugated hyperbilirubinemia on the two
analyzers, the results cannot be used interchangeably.

This has to be explained to the treating clinicians. This
dilemma particularly concerns those laboratories which
have more than one analyzer. In our set-up, we have
tried to overcome this situation by emphasizing on the
clinicians to get the serial samples of the patient tested
on the same analyzer.
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