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Letter to the Editor

The Analytical Performance of Neonatal Total Bilirubin
Assays Does Not Meet the Clinical Need

Marlies Oostendorp,®? " Eline A. Van der Hagen,“" Stanley Lo, Vincent Delatour,® Denis Grote-Koska,"9
Antje Staaden,"d Marieke A. Frasa," Jenny E. Kootstra-Ros,>' Lauren Westenberg, Libor Vitek,*! Ale§ Dvoiak,*
David Krepelka,* Cas Weykamp,™ Christian V. Hulzebos," and Miranda Van Berkel®<*

To the Editor:

Severe neonatal hyperbilirubinemia is a critical condi-
tion that requires phototherapy (PT) and/or exchange
transfusion to prevent irreversible neurological sequelae.
Management of neonatal hyperbilirubinemia is largely
based on total bilirubin (TBIL) concentration. However,
TBIL measurements are known for interassay differences,
possibly leading to discrepant treatment decisions depend-
ing on the analytical method (1). Past studies using adult
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serum may not properly reflect the analytical performance
of neonatal samples as between-method differences vary
between the adult and neonatal matrix (1). The aim of
this study was to compare the performance of 10 com-
monly used bilirubin assays in neonatal samples to the ref-
erence measurement procedure (RMP) and evaluate
whether bilirubin conjugates or photoisomers contribute
to the between-method differences. Methods used include
BuBc slide (QuidelOrtho), vanadate oxidase (Siemens),
spectrophotometry (Radiometer), and 7 diazo (Abbortt,
2x Beckman Coulter, 2x Siemens, 2x Roche).

Residual plasma from neonates with no significant
interfering hemolysis was collected before, during, or
after PT. Samples from neonates with different gesta-
tional age, time after birth, and risk factors were in-
cluded and were pooled according to the PT status
and similar TBIL concentration range. Additionally,
leftover exchange transfusion serum was collected.
Alrogether, a total of 11 samples in the concentration
range 8.5 to 20.3 mg/dL (146-347 pmol/L) were mea-
sured in duplicate using 10 routine TBIL assays and 2
RMPs, i.e., the Doumas and Klauke methods (2, 3).

For each method, the CVs were calculated from du-
plicate measurements per sample and averaged to obtain
mean CVs per method. CVs were below 1% for all rou-
tine assays. The bias was determined compared to the
reference method value (mean value of Doumas and
Klauke). Deming regression analysis showed a good cor-
relation for all assays with the reference method value
(R>0.99 for all assays except Beckman Coulter DxC
600i with R> 0.98).

Although all 10 methods performed within the CLIA
acceptable performance criterion of 20%, only 5 out of 10
assays performed within our maximum allowable bias of
5% as based on expert opinion (Dutch Foundation for
Quality Assessment in Medical Laboratories) (Fig. 1).
These stricter criteria are deemed necessary for safe inter-
pretation of hyperbilirubinemia in newborns according
to current nomograms in order to decide on treatment.
For example, eatlier studies showed that treatment levels
went up 3-fold when using the Siemens vanadate method
in comparison to the Roche diazo method (1). The best-
performing assays were Roche Cobas 8000 c702,
Beckman Coulter DxC 600i, and Siemens Atellica CH
diazo, with mean biases of +1.3%, +1.8%, and —3.9%,
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Fig. 1. Bias (%) of clinical samples before, during, and after PT or from ET for 10 routine methods. Mean
bias (black horizontal lines) and analytical performance specifications (dot-dashed grey lines) are indi-
cated. Two samples depicted in grey were compared to the procedure with the lowest bias, Roche
Cobas 8000 c702, as the RMV lacked due to low sample volume. These samples were not included in
the calculations. Traceability information of the different methods is displayed in parentheses on the
x-axis below each method. The mean total bilirubin concentrations in mg/dL and number of samples in-
cluded in the pools were: before PT pools 9.23 (n =49 samples), 10.26 (n=34), 12.15 (n=38), 14.33
(n =34); during PT pools 8.65* (n=15), 11.15 (n=39), 16.19 (n=34); after PT pools 8.52* (n=38),
11.59 (n = 32); ET serum 1: 16.31; ET serum 2: 20.29. Values with * determined with Roche Cobas 8000
instead of RM. Abbreviations: ET, exchange transfusion; RMV, reference method value; RM, reference
method.

respectively. The Siemens Atellica CH vanadate assay
showed the largest bias, followed by the Abbott Alinity
and Siemens Dimension Vista (+17.2%, +14.8%, and
+13.2%, respectively).

To investigate whether the presence of different biliru-
bin forms and metabolites contributes to these biases, bili-
rubin photoisomers (most importantly lumirubin) and
conjugated bilirubin were evaluated. High-performance li-
quid chromatography analysis (4) detected no bilirubin
mono- and diglucuronides. Lumirubin, as quantified by

LC-MS/MS (5), was between 0.10 and 0.54 mg/dL (1.7—
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9.2 pmol/L) in all samples and did not differ for sample
pools before, during, and after PT (2> 0.05; R version
2024.04.02+764, function aov). Lumirubin concentra-
tions and PT status did not correlate with any bias observed
for the 10 assays (Fig. 1, P> 0.05). Since there were no PT
status-dependent differences in lumirubin concentration,
the contribution of photoisomers to the between- method
differences remains unknown. Whether this is due to the
low concentrations of photoisomers or limited crossreactiv-
ity in the total bilirubin assays remains a topic of future re-
search and is a limitation to the current study.
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Surprisingly, different assays and/or platforms from
the same manufacturer showed varying results, although
most claim to be traceable to standard reference material
(SRM)916 (Fig. 1). Also, bias appeared to be unrelated
to the method principle, as significant biases were ob-
served for both vanadate and diazo assays. We hypothe-
size that the primary cause is a lack of proper
implementation of the metrological traceability chain
in TBIL assays. Also, the lack of a commutable second-
ary reference material and the use of human adult sam-
ples to verify, and eventually adjust, end-user calibrators
might cause difficulties in properly implementing and
verifying metrological traceability.

To reach standardization and minimize bias, a cer-
tified reference material and RMP are required. The
RMP is in place (Doumas method, JCTLM listed),
but the certified reference material (SRM916) availabil-
ity was limited for some years. In 2021, a new certified
reference material batch was introduced (SRM916b).
However, standardization using the 2021 SRM916b
by Abbott (2023) and Siemens (2024) still displays sig-
nificant biases. Our study was conducted before the
Siemens restandardization; however, the bias of the van-
adate assay in neonatal samples remains +11.9% (M.
Oostendorp, personal communication, November
2024).

To diminish bias, close collaboration between all
stages of the metrological traceability chain is essential,
namely national metrological institutes, calibration la-
boratories, in vitro diagnostics manufacturers, and final-
ly the clinical and laboratory staff. Furthermore, the
availability of a commutable secondary reference mater-
ial, preferably based on a neonatal sample matrix, is re-
quired. We hope that the findings of this study will drive
standardization of TBIL assays for neonatal use, to
achieve consistent management of neonatal hyperbiliru-
binemia across hospitals.

Nonstandard Abbreviations: PT, phototherapy; TBIL, total biliru-
bin; RMP, reference measurement procedure.
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