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The impact of hematocrit, punch location, and cellular
interference on neonatal screening for biotinidase
deficiency
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'Department of Medical Biology and Genetics, School of Medicine, Ankara Medipol University, Ankara, Tiirkiye.

ABSTRACT

Background. Biotinidase deficiency is a core condition in newborn screening programs worldwide. While
fluorometric enzyme activity assays from dried blood spots (DBS) are the standard first-tier test, their accuracy
can be susceptible to pre-analytical variation. To date, the specific impact of hematocrit (HCT), punch location,
and cellular interference on fluorometric biotinidase measurements have not been systematically examined.

Methods. We prepared blood pools to isolate specific variables: a reference pool at 50% HCT (HCT50), a low-
HCT pool at 34% (HCT34), and a leukocyte-depleted pool (HCT50(-W)). Secondary pools were created with
biotinidase activities of 0, 50, 100, and 200 U. DBS samples were prepared from all pools. Biotinidase activity
was measured fluorometrically from central and peripheral punches (n=12 per condition). Statistical analysis
included t-tests and Cohen'’s d effect sizes, with a >10% deviation set as the threshold for clinical significance.

Results. Our results demonstrated a significant systematic bias: Peripheral punches yielded higher biotinidase
activity than central punches across all sample types (13.36%-16.61% difference, p<0.05). Lower hematocrit
(HCT34) led to a significant overestimation of activity, yielding >20% higher values at the critical biotinidase
activity-50 U level. Crucially, leukocyte depletion resulted in a statistically significant decrease in measured
activity (~10.6%, p<0.05), indicating that approximately 10% of the quantified activity in DBS is leukocyte-
derived and constitutes a previously unaccounted source of analytical bias.

Conclusion. This study is the first to definitively quantify the effects of key pre-analytical variables on
fluorometric biotinidase testing. Punch location, hematocrit, and cellular content are not merely sources of
noise but are significant confounders that can lead to both false-positive and false-negative results. We strongly
recommend that DBS calibrators and patient samples be punched from the center of the spot and that second-tier
testing interpretations consider individual infant hematological parameters to enhance the clinical sensitivity of
newborn screening for biotinidase deficiency.

Key words: biotinidase deficiency, newborn screening, dried blood spot testing, punch location, hematocrit,
filter paper.

Profound biotinidase deficiency (BD), which
classically presents in infancy with a triad
of neurological (seizures, hypotonia, ataxia,
sensorineural hearing loss), dermatological
(alopecia, eczematous rash), and metabolic
manifestations, may progress to irreversible

optic atrophy or cognitive impairment if left
untreated. Late-onset cases in adolescence
may present with motor weakness and visual
disturbances.! While biotin supplementation
prevents the development of symptoms
and reverses most active manifestations
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when initiated early in neonatal life, certain
neurological complications - particularly
developmental delay, hearing loss and optic
atrophy - may become permanent if treatment
is delayed.” This dramatic treatment response,
coupled with biotin’s exceptional safety profile,
underscores the importance of newborn
screening for BD.

Following the identification of BD in 1983,
researchers developed a rapid colorimetric
method in 1984 for the semiquantitative
assessment of biotinidase activity in dried
blood spots (DBS).** This advancement enabled
the first pilot newborn screening program for
BD in Virginia that same year, with broader
implementation by 1985.> The introduction of
this screening method into universal newborn
screening programs enabled detection of
both profound and partial deficiencies, with
an estimated global incidence of ~1:60,000,
and allowed for early treatment, significantly
improving clinical outcomes.®

The Turkish neonatal screening program for BD
started in 2008, initially utilizing a colorimetric
assay before transitioning to a fluorometric
assay in 2015, which utilizes biotinyl-6-
aminoquinoline as a substrate, and offers
enhanced clinical sensitivity and specificity
for DBS analysis.?”® The fluorometric assay,
which outperforms the colorimetric method,
offers the following critical improvements: 1)
compatibility with 3 mm DBS disks instead
of 6 mm, saving valuable DBS sample for
additional neonatal screening tests; 2) enables
single-plate processing (vs. 4 plates in the
colorimetric assay), eliminating the need for
specialized filter plates and inter-plate transfer
steps, and reducing consumable costs by 75%
(plate savings); 3) minimizes potential handling
errors, enhancing methodological robustness,
and improving inter-assay reproducibility; 4)
uses DBS matrix-matched calibrators/controls
(vs. solution-based calibrators in colorimetric
assay); 5) reduces total assay time by 30
minutes; 6) offers lower detection limits and a
wider detection range.’
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The reliable detection of biotinidase deficiency
hinges criticially on assay precision, especially
near the decision threshold that distinguishes
profound (<10% activity) from partial
(10-30% activity) deficiency.”” While both
profound (<10% activity) and partial (10-30%
activity) deficiencies are treated with biotin
supplementation, = management  protocols
differ significantly: profound deficiency
requires lifelong, high-dose (5-10 mg/day)
biotin and wurgent intervention to prevent
severe neurological damage, whereas partial
deficiency may need lower doses (2.5-10 mg/
day) and is monitored for later-onset, often
subtler symptoms.'” Misclassification near
the 10% decision threshold—due to assay
imprecision—can therefore lead to either
overtreatment and unnecessary lifelong
burden or, conversely, under-treatment and
risk of preventable morbidity. Consequently,
analytical precision at this cutoff is not a mere
technical concern but a direct determinant of
appropriate, personalized patient care.

DBS analysis has been a cornerstone of newborn
screening programs since their inception, yet
persistent analytical challenges —including
several chromatographic and pre-analytical
interference factors— can compromise assay
accuracy. Most newborn screening assays utilize
3.2mm punches from DBS. The diameter ofaDBS
is influenced by both the applied blood volume
and hematocrit level (HCT), which collectively
alter the blood, red blood cell (RBC), and serum
volumes contained within each 3.2 mm punch.
Variations in HCT levels (40-65%) alter blood
viscosity, leading to mnon-uniform analyte
distribution and punch-to-punch variability."
Higher HCT levels reduce the serum volume
per punch by 27% while more than doubling
the RBC volume per punch, disproportionately
affecting the quantity of RBC-associated and
serum-associated analytes recovered per
punch." Punch location introduces further bias,
with peripheral punches yielding higher analyte
concentrations than central punches for several
key analytes quantitated in neonatal screening
programs.”? While standardization efforts by
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the Clinical and Laboratory Standards Institute
(CLSI) have reduced paper batch variability —
minimizing matrix effects—, white blood cell
(WBC) contaminants (e.g., clotting factors in
native heel prick blood, which may be absent
in reconstituted calibrators) can alter analyte
recovery.' Additionally, WBC lysis during
drying has been suggested to release proteases
or phosphatases, potentially degrading labile
biomarkers like immunoreactive trypsin (IRT).'?

Although the effects of blood volume and
punch location have been investigated for
tandem mass spectrometry (MS/MS)-quantified
amino acids and acylcarnitines and enzyme-
linked immunosorbent assay (ELISA)-based
IRT and thyroid-stimulating hormone (TSH)
measurements, no study to date has examined
the impact of these chromatographic factors
on fluorometric enzymatic activity assays
for BD. Given that Tiirkiye screens over 1.2
million newborns annually, with BD incidence
reaching 1:481 in certain regions, we aimed to
investigate how pre-analytical factors affect the
accuracy of fluorometric biotinidase activity
assays.”** While biotinidase is primarily
produced in the liver and circulates in serum,
its presence in leukocytes and fibroblasts is
well-documented.! Although neonatal blood
typically has a hematocrit of 50-55%, significant
inter-individual variation exists. Therefore,
we additionally examined how hematocrit
variability and leukocyte content influence
biotinidase activity measurements.

Materials and Methods

Preparation of DBS samples

A banked donor whole blood unit was obtained
from the Turkish Red Crescent (Tiirk Kizilayz).
The anonymized blood unit used in this analysis
was procured as residual material, which had
been designated for disposal by the Turkish
Red Crescent. Use of residual materials for the
production of quality assurance and control (QC)
material production is explicitly authorized by
the Republic of Tiirkiye Ministry of Health

The Turkish Journal of Pediatrics = January-February 2026

Pre-Analytical Variability in Biotinidase Deficiency Screening

Directive (Circular 2013/19, No: 95966346),
which provides the legal framework that
enables the utilization of such otherwise-waste
biological materials from public institutions.
This study, which utilizes such material for
QC-related methodological validation, falls
within the scope of this directive. All personal
identifiers were permanently removed by the
source institution prior to our receipt, ensuring
irreversible anonymization. The blood unit,
whose HCT level was determined to be 34%
on a Radim Seac HeCo automated analyzer
(Radim Seac S.r.l., Pomezia, Italy), was divided
into three portions to prepare blood pools with
native HCT (measured to be 34%), 50% HCT,
and 50% HCT-W (see below). HCT levels of the
latter two were adjusted to 50% as explained in
the following sub-section. As there is currently
no method to determine biotinidase activity
directly from whole blood, and biotinidase
activity is measured in arbitrary units in the
absence of a certified reference material (CRM),
the biotinidase level of the undiluted form
of each blood pool was designated as 200 U
to simplify subsequent calculations. A serial
dilution series was prepared from each pool to
generate samples with decreasing biotinidase
levels. To perform the dilutions, each of the three
pools was aliquoted into two initial portions: a)
200 U BTD: Blood pools with peak biotinidase
activity (untreated whole blood), b) 0 U BTD:
Blood pools with no biotinidase activity.
Biotinidase-deficient pools were prepared
by centrifuging the whole blood to remove
the serum fraction containing the biotinidase
enzyme. The packed RBCs were then washed
with phosphate buffer and reconstituted to
target HCT levels, effectively replacing all
native serum with phosphate buffer (containing
3% albumin) to eliminate enzymatic activity.
Blood pools with intermediate biotinidase
activities of 100 U and 50 U were generated
through the serial 1:1 dilution of the 200 U
pools with the corresponding BTD-deficient (0
U) pools. All four levels were employed in the
experiments. DBS samples were prepared by
pipetting 50 uL aliquots from each blood pool
onto pre-labeled filter paper cards (Grade 226,
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PerkinElmer), followed by ambient drying
(20-25 °C, overnight). The dried samples were
then packaged with desiccant packs and stored
at 2-8 °C until analysis. The BTD level of each
DBS sample was determined using the Trimaris
Neonatal Fluorometric Biotinidase Kit (Bome-
Trivitron, Tiirkiye) and was presented in Table I.

Fluorometric biotinidase assay

Biotinidase activity —measurements were
performed from the DBS samples according to
the method developed by Wastell et al., using
the Trimaris Neonatal Fluorometric Biotinidase
Kit (Bome-Trivitron, Tiirkiye) with a linear
quantification range of 5-350 U.” The assay
was conducted in microplate format following
the manufacturer’s protocol, with fluorescence
measurements acquired using a microplate-
compatible  fluorometer  (excitation: 360
nm; emission: 460 nm). In this study, the
primary objective was to compare biotinidase
measurements across different matrices in
relative terms rather than to ascertain their
true absolute values. Accordingly, the peak
biotinidase level of the initial blood pool was
not calibrated against the kit calibrator. Instead,
it was arbitrarily assigned a value of 200 U. Since
HCT levels in newborns are typically 50-55%,
a blood pool with 50% HCT was designated
as the reference. The starting blood pool with
50% HCT with peak biotinidase activity was
assigned a value of 200 U. This pool was then
serially diluted 1:1 with biotinidase-deficient
(0 U) blood to create calibrators of 100 U and
50 U. Since the Trimaris Neonatal Fluorometric
Biotinidase Kit (Bome-Trivitron, Tiirkiye) has
a linear quantification range of 5-350 U, DBS
materials prepared from these serially diluted
blood pools (50% HCT), were used to establish
a calibration curve. Subsequently, biotinidase
activities of all DBS samples were determined
against this reference.

Assessment of hematocrit effect

The HCT level of the donor whole blood unit
obtained from the Turkish Red Crescent was
measured as 34%. The unit was divided into two
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equal portions: a) the first blood pool was kept at
34% HCT, b) the HCT level of the second portion
was adjusted to 50% as explained previously to
simulate neonatal blood composition.!" (Briefly,
the blood pool was centrifuged to separate RBC
and serum fractions, and the supernatant serum
was transferred into a fresh tube. To achieve
the target HCT level, a calculated volume of
autologous serum was gradually added back
onto the packed cells. The HCT was verified
using a Radim Seac HeCo automated analyzer
[Radim Seac S.r.l., Pomezia, Italy] after each
serum addition to ensure the exact HCT level.
Blood pools of 34% HCT (HCT34) and 50%
HCT (HCT50) with peak biotinidase activity
(BTD-200U) were further used to prepare
respective blood pools with varying biotinidase
activities (BTD-0U, BTD-50U, and BTD-100U)
as explained above.

Assessment of cellular interference

To investigate potential cellular interference
from leukocyte-derived biotinidase in DBS-
based assays, we prepared paired blood pools
(with and without WBCs) at 50% hematocrit:
HCT50 and HCT50(-W).!" The initial blood pool
(HCT34) was centrifuged (3,000 rpm, 5 min,
deceleration: 3) to separate cellular components
and serum. After careful removal of the buffy
coat via pipetting, the remaining constituents
were gently resuspended to homogeneity,
creating the “50% HCT (-WBC)” test group
HCT50(-W).

Assessment of punch location effect

To evaluate chromatographic effects of punch
location on biotinidase recovery, we performed
fluorometric assays on DBS samples prepared
from three blood pools: HCT34, HCT50, and
HCT50(-W). We collected 3.2 mm punches from
both central and peripheral locations of each
DBS (n=12 per condition).

Statistical analysis

For each condition, biotinidase activity was
measured in 12 distinct DBS samples (n=12)
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using the Trimaris Neonatal Fluorometric
Biotinidase Kit. Paired central and peripheral
punches were collected from the same DBS
cards for positional comparisons. All data are
expressed as mean fluorescence + standard
deviation (SD). Mean fluorescence values were
used to calculate biotinidase activity recovery
rates across different punch positions and
conditions. Peripheral vs. center deviation
ratios are presented as percentage differences
between mean fluorescence values. For DBS-
based measurements, the total allowable error
(TAE) is generally accepted as 30%.'> Assuming
this error budget is allocated equally between
random (imprecision) and systematic (bias)
errors, 15% is conventionally assigned to
analytical processes related to assay precision,
and 15% is reserved for systematic deviations
inherent to the sample matrix. Sample-related
deviations in DBS-based analysis can arise
from various sources. Although numerous
factors can cause pre-analytical variation, this
study focused on three parameters: hematocrit
variation, cellular interference, and punch
location. Allocating a separate 15% budget for
each potential source of pre-analytical variation
would cause the cumulative error to far exceed
the 30% TAE. Considering that these factors
would have additive effects in real-world
samples, a threshold of 10% was established for
the clinical effect magnitude (i.e., the relative
percentage difference in fluorescence signals
required to be considered clinically significant).
Statistical analysis was performed using
Analyse-it software. For comparisons across
all groups, a one-way ANOVA was applied,
with significant outcomes further analyzed
by Tukey’s honestly significant difference
(HSD) post-hoc test. Pairwise comparisons
between two conditions were conducted using
an unpaired t-test. A p-value of less than 0.05
was considered statistically significant. Effect
sizes for pairwise comparisons are reported as
Cohen’s d. For DBS-based measurements, the
TAE is set at 30%." Based on established error
budgets, deviations greater than 15% were
considered to represent a clinically significant
effect size, as this value exceeds the expected

112

Turk ] Pediatr 2026; 68(1): 107-119

analytical imprecision and indicates a potential
pre-analytical or biological effect. To quantify
the impact of variations in BTD activity
measurements on clinical decision-making,
the percentage difference in mean fluorescence
intensity between compared samples was
calculated, and is presented as the “Clinical
Effect Magnitude” in Table I, Table II, and
Table IIL

Results

In all samples containing serum biotinidase
(regardless of the blood pool characteristics), the
biotinidase activity measured from peripheral
punches was statistically significantly higher
than the activity measured from central punches
(Fig. 1B-D; red dashes).

Furthermore, in peripheral punches, the
biotinidase activity measured from DBS samples
with a higher serum ratio (HCT34) was found to
be statistically significantly higher than that from
samples with a low serum ratio (HCT50) for all
biotinidase containing levels (Fig. 1B-D; green
dashes). Although a similar trend was observed
in central punches, statistical significance was
achieved only in BTD-50U samples, which are
close to the clinical decision threshold (Fig. 1B;
blue dashes).

In BTD-OU samples, an opposite effect was
observed: the biotinidase activity signals
obtained from both central and peripheral
punches were statistically significantly higher
in HCT50 samples compared to HCT34
samples. The biotinidase activities measured
from leukocyte-depleted samples (HCT50(-W))
were lower than those from their whole blood
counterparts at the same hematocrit level
(HCT50) at all biotinidase levels (BTD-0U, BTD-
50U, BTD-100U, and BTD-200U). This trend was
visible across all punches; however, statistical
significance was achieved for all biotinidase
levels in central punches (Fig. 1A-D; blue
dashes), but only at the BTD-0U and BTD-100U
levels in peripheral punches (Fig. 1A, Fig. 1D;
green dashes).
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Fig. 1. Comparison of fluorescence intensities from central and peripheral punches of DBS samples.

DBS samples were prepared from HCT34, HCT50, or HCT50(-W) blood pools with varying biotinidase activity levels.
(A) BTD-0U, (B) BTD-50U, (C) BTD-100U, (D) BTD-200U. For each condition, biotinidase activity from 12 punches was
measured with Trimaris Neonatal Fluorometric Biotinidase Kit (n=12). Box plots show the median with interquartile ranges.
Statistical significance (p < 0.05) is indicated by dashed lines: red for central vs. peripheral punches from the same DBS
sample; blue for central punches from different blood pools; green for peripheral punches from different blood pools; black

for other cross-group comparisons.

DBS: dried blood spot. HCT34: DBS samples prepared from blood pools having 34% hematocrit level. HCT50: DBS samples
prepared from blood pools having 50% hematocrit level. HCT50(-W): DBS samples prepared from blood pools deficient

of white blood cells (W) and having 50% hematocrit level. P: 3.2 mm punch taken from the peripheral location on the
respective DBS. C: 3.2 mm punch taken from the central location on the respective DBS.

In both central and peripheral punches,
biotinidase activity was significantly lower
in leukocyte-depleted (HCT50(-W)) samples
than in HCT34 samples (with a higher serum
component) across all biotinidase -containing
levels (Fig. 1A-D; blue and green dashes).
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A standard curve derived from the fluorescence
intensities of central punches from HCT50 DBS
samples was used to calculate the biotinidase
activity units for all samples. An assessment
of analytical precision, based on repeated
measurements of 12 samples, revealed that
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all % coefficient of variation (%CV) values fell
within the 15% imprecision budget, at below
9.5%; the BTD-0U value was disregarded from
the precision assessment as it fell below the
limit of detection (LOD).

The fluorescence intensities measured from
central punches were systematically lower than
those from peripheral punches. This difference
was both statistically (p<0.05) and clinically
significant. The similarity between
the %CV values of repeated measurements
from central punches (n=12) and peripheral
punches (n=12) indicates that punch location
does not significantly affect the repeatability
(precision) of the assay. When the clinical effect
magnitude—defined as the relative difference
in fluorescence signals between central and
peripheral punches of DBS samples prepared
from different blood pools—was analyzed, the
difference was found to be substantial across all

close

samples. The magnitude of this effect, ranked
from largest to smallest, was as follows: HCT34
(13.36-16.61%), HCT50(-W) (11.93-16.39%), and
HCT50 (8.62-12.02%) (Table I).

A decrease in hematocrit levels consistently
resulted in higher fluorescence intensities for
biotinidase activity assessments. This effect
was most pronounced in peripheral punches,
where the difference between the fluorescence
intensities of HCT34 and HCT50 samples was
statistically significant across all biotinidase
levels. In central punches, the difference in
fluorescence intensities reached statistical
significance at the BTD-0U and BTD-50U levels.
When these fluorescence values were converted
to biotinidase activity units, around the clinical
decision (BTD-50U), the measured
biotinidase activity was significantly higher
in HCT34 samples than in HCT50 samples.
This difference exceeded the 10% clinical
significance threshold for both punch locations,
with a substantial 20.30% increase in peripheral

limit

punches and a 13.56% increase in central
punches (Table II).
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Leukocyte-depleted  samples  consistently
yielded lower fluorescence intensities for
biotinidase activity assessments. This effect was
most pronounced in central punches, where
the difference between HCT50(-W) and HCT50
samples was statistically significant across all
biotinidase levels. In peripheral punches, the
difference in fluorescence intensities reached
statistical significance at the BTD-0U and
BTD-100U levels. Consequently, the calculated
biotinidase activity was significantly lower in
HCT50(-W) samples than in HCT50 samples.
The difference was clinically significant
(exceeded the 10% threshold) for central
punches at the BTD-100U and BTD-200U
levels (10.52% and 10.68%, respectively) and
for peripheral punches at the BTD-100U level
(10.61%) (Table I1I).

Discussion

Given that assay precision is paramount for
accurate and reliable neonatal screening,
managing the constrained TAE budget, set at
30% and equally divided between imprecision
and bias for DBS-based assays like the
biotinidase deficiency screening, becomes a
critical endeavor.

To understand, address, and pave the way for
mitigating the imprecision stemming from
pre-analytical parameters in DBS-based BD
screening, this study investigated the impact of
key pre-analytical factors, namely, hematocrit
variation, cellular interference, and punch
location, on biotinidase activity measurements.
The findings reported in this study reveal that
even without considering other potential pre-
analytical variables, these three parameters
alone are sufficient to consume an error
magnitude equivalent to the entire systematic
error budget, which constitutes half of the total
allowable error. To elaborate, 1) peripheral
punches yielded higher biotinidase activity than
central punches across all sample types (13.36%—
16.61% difference, p<0.05); 2) lower hematocrit
(HCT34) led to a significant overestimation
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of activity, yielding >20% higher values at
the critical BTD-50U level; and 3) leukocyte
depletion resulted in a statistically significant
decrease in measured activity (~10.6%, p<0.05),
indicating that approximately 10% of the
quantified activity in DBS is leukocyte-derived.

The rapid colorimetric method employing
biotin-4-amidobenzoic  acid, @ which was
developed in 1984 for the semiquantitative
assessment of biotinidase activity in DBS,
soon started to be used in high-throughput
neonatal screening programs worldwide.*®
The later-developed fluorescent technique,
which utilizes biotinyl-6-aminoquinoline as a
substrate (and was subsequently optimized for
an ultramicroassay format), offers enhanced
clinical sensitivity and specificity for dried blood
spot analysis, outperforming the colorimetric
method.”” Molecular genetic testing of the BTD
gene, ranging from targeted variant analysis
to complete sequencing, provides diagnostic
confirmation.'

A 1998 pilot study demonstrated that the
incidence of BD in Tiirkiye (1:11,614) was
significantly higher than reported in other
countries, with profound and partial BD
occurring at rates of 1:14,866 and 1:53,093,
respectively.’® Marked regional variations
were observed, particularly in consanguineous
populations, where incidence reached 1:2,359
in Diyarbakir and 1:481 in Adiyaman.”"
Further analysis of a 2016-2023 Van cohort
revealed parental consanguinity in 44.7% of
cases and a positive family history of BD in
24.6% of patients.? BD screening was added as
a parameter to the Turkish National Screening
Program in 2008. The program which initially
employed a colorimetric assay for quantification
of biotinidase activity, transitioned to a
fluorometric assay in 2015.

It is well-established that sample-related
variation is a significant challenge in neonatal
screening assays utilizing DBS. When these
systematic deviations occur near the clinical
decision limit, they can lead to false-negative
results and missed cases. To minimize this
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sample-induced bias and enhance clinical
sensitivity, itiscrucialtofirstdecipherthesources
of pre-analytical variation. Previous studies
have unveiled the causes of sample-related
pre-analytical variation for immunoassays
(e.g., TSH, IRT) and MS-based quantifications
(e.g., amino acids, acylcarnitines).’”® However,
to date, a similar comprehensive study has
not been conducted for biotinidase deficiency
screening via enzymatic activity quantification.
In Tiirkiye, approximately 1.2 million babies
are born each year, and the incidence of BD is
relatively high due to the high prevalence of
consanguineous marriages.*'**” To enhance
the clinical sensitivity of neonatal screening
programs for BD in Tiirkiye and beyond,
this study aims to unveil the sources of pre-
analytical variation by investigating the effects
of key parameters—hematocrit level, punch
location, and cellular interference—on the
fluorometric biotinidase assay.

Our results demonstrated that, regardless of
the blood pool characteristics (hematocrit,
leukocyte content) investigated, biotinidase
measurements from punches taken from the
periphery of DBS were significantly higher
than those from the center. The phenomenon
of central punches yielding lower results than
peripheral ones has been documented for
other neonatal screening parameters.!"'** This
discrepancy can be explained by the faster
diffusion rate of the serum component through
the filter paper matrix compared to the cellular
component. To prevent misinterpretations
arising from punch location, we recommend
that both calibrators and punches from infant
heel-prick blood samples be taken from the
center of the DBS.

Although reference values for neonatal blood
hematocrit levels are accepted as 50-55%,
significant variations can occur depending on
the infant’s overall health. Pioneering studies
examining the effect of hematocrit on the
diffusionrates of serum and cellular components
on filter paper—and consequently on analyte
measurements—have shown that as hematocrit
increases, the serum ratio in central punches
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decreases while the cellular ratio increases."!
In this context, it has been reported that with
increasing hematocrit, measured levels of TSH,
octanoyl carnitine, and methionine from central
punches decrease, while IRT measurements
at HCT levels above 50% are higher.” In the
fluorometric biotinidase measurements, it is
observed that the biotinidase activity measured
from low-hematocrit (HCT34) DBS samples
was higher than that from high-hematocrit
(HCT50) samples, in both central and peripheral
punches. Although this elevation was observed
at all biotinidase levels, the clinically relevant
overestimation in HCT34 DBS became most
apparent at the BTD-0U and BTD-50U levels.
The fact that the magnitude of this bias is more
pronounced near the clinical decision threshold
than at higher biotinidase levels indicates that
screening results, particularly those near the
cutoff, may vary depending on hematocrit
levels. To prevent false negatives in newborn
screening, it may be beneficial to re-evaluate
infants with biotinidase enzyme activity close
to the clinical decision limit, taking their blood
hematocrit percentage into account. Future
studies should evaluate whether different
clinical decision thresholds should be applied
for different hematocrit levels.

The biotinidase enzyme, primarily synthesized
in the liver, demonstrates its highest activity
levels in serum.! While current diagnostic
standards for BD employ serum-based
activity assays (which serve as both primary
diagnostic and second-tier confirmatory
tests), documented expression in fibroblasts
and leukocytes raises critical questions about
potential cellular interference in DBS analyses,
particularly given the known interindividual
variability in leukocyte counts. In our cellular
interference study, we observed that biotinidase
measurements from leukocyte-depleted DBS
were significantly lower, with a difference
exceeding the 10% bias budget allocated for such
variations. Considering that BTD-0U samples
were serum-replaced, the higher signal obtained
from HCT50 samples (with a higher packed-cell
volume) compared to HCT34 samples strongly

The Turkish Journal of Pediatrics = January-February 2026

Pre-Analytical Variability in Biotinidase Deficiency Screening

suggests that the biotinidase activity measured
in BTD-0U samples is likely of cellular origin.
This hypothesis is further supported by the
results from leukocyte-depleted HCT50(-W)
samples, in which calculated biotinidase activity
was significantly lower in HCT50(-W) samples
than in HCT50 samples. These results indicate
that the biotinidase activity quantified from DBS
is not solely serum-derived; approximately 10%
originates from leukocytes. Given that screening
kit calibrators are prepared with blood from
healthy individuals with average cell counts,
we recommend that second-tier BTD activity
results be interpreted in conjunction with the
infant’s complete blood count (CBC) to avoid
misinterpretation.

Due to the high volume of blood required, the
DBS samples tested in this study were prepared
from a donated adult blood unit. While it is
not feasible to create an experimental setup for
testing HCT and WBC differences with neonatal
blood, future studies could directly assess the
impact of peripheral versus central punching
on BTD measurements in newborn screening
by utilizing a larger number of DBS cards (e.g.,
>20) from infants with BTD levels close to the
clinical cutoff, which would be highly valuable
for understanding these effects at pathological
levels.

In conclusion, our findings underscore the
critical impact of pre-analytical variables—
specifically hematocrit, punch location, and
cellular interference—on the reliability of
fluorometric biotinidase activity measurements.
As Dbiotinidase activity can vary even
when samples are obtained from the same
individual but tested in different laboratories,
standardization of the testing procedures is
required to improve precision. The integration
of the above-mentioned factors into routine
practice and data interpretation will enhance
the accuracy and clinical sensitivity of newborn
screening for biotinidase deficiency. Given the
variability of enzyme activity, particularly in
suspected biotinidase deficiency, molecular
genetic analysis should always be performed
for confirmation or exclusion of the diagnosis.
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