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Background: The accuracy of 25-
hydroxyvitamin D3 (25OHD3) measure-
ment on specimens collected into serum
separator tubes (SSTs) has been ques-
tioned because of possible interference
by the gel. Possible interference was in-
vestigated in SSTs from Becton Dickinson
(BD). Design and methods: Blood speci-
mens were collected simultaneously from
50 normal subjects into plain tubes and
SSTs. 25OHD3 was assayed on serum
using high performance liquid chromatog-
raphy (Chromsystems), and Architect (Ab-
bott) and Liaison (Diasorin) immunoassays.
Results: There were no significant differ-
ences between 25OHD3 results (means
± SE, nmol/l) obtained from specimens
collected into plain tubes and SSTs as-

sayed by HPLC (39.0 ± 2.7 vs. 39.3
± 2.7), Liaison (32.9 ± 2.2 vs. 32.8 ± 2.3),
or Architect (43.1 ± 2.8 vs. 43.2 ± 2.8).
In specimens collected into plain tubes
and SSTs, 25OHD3 measurements by
HPLC correlated significantly (P < 0.0001)
with those from the Architect (r = 0.895,
r = 0.908) and Liaison (r = 0.907, r =
0.913), respectively. Conclusions: The gel
in SSTs (BD) does not interfere with the
measurement of 25OHD3 by HPLC or com-
mon immunoassays. This important finding
may enable clinical laboratories to make
cost savings by using SSTs without con-
cerns about inaccuracy. J. Clin. Lab. Anal.
30:32–35, 2016. C© 2014 Wiley Periodicals,
Inc.
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Vitamin D has a physiological role in calcium
homeostasis and bone turnover (1). Its insufficiency
is implicated in numerous clinical disorders (2).
The main vitamin D metabolites are cholecalciferol
(25-hydroxyvitamin D3 (25OHD3)) and ergocalciferol
(25-hydroxyvitamin D2 (25OHD2)). 25OHD3 is pro-
duced from 7-dehydrocholesterol in the skin (3) whereas
25OHD2 is derived from plants. Both 25OHD3 and
25OHD2 are used as supplements but 25OHD3 is
considered the more potent (4). HPLC and liq-
uid chromatography-tandem mass spectrometry (LC-
MS/MS) are still considered the reference methods for vi-
tamin D measurement. Commercial immunoassays were
later developed to satisfy increased demand for 25OHD
measurement.

It has recently become common practice to collect blood
into serum separator tubes (SSTs) containing a barrier gel
that separates the blood clot from serum following cen-
trifugation. Although this method is convenient, there
have been concerns about possible analytical interfer-
ence from the gel. Manufacturers of SSTs do not always
provide information on the effect of the gel on 25OHD3
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measurement by HPLC (5, 6). However, there have been
reports of gel interference with measurement of 25OHD
by both HPLC (7) and LC-MS (8). No study has carried
out a comprehensive investigation of the effect of SSTs
on the estimation of 25OHD3 by HPLC or immunoassay
methods. The purpose of the present study was there-
fore to determine whether SSTs influenced the 25OHD3
concentration. A secondary aim of the study was to
evaluate bias of the immunoassay techniques compared to
HPLC.

Blood specimens were collected from 50 healthy vol-
unteers (22 males, 28 females, aged 42.6 ± 11.2 and
BMI 27.4 ± 5.2 kg/m2), ten of whom were taking
25OHD3 supplements. All subjects gave signed informed
consent for participation and the study was approved
by the Research Ethics Committee at King Abdullah
International Medical Research Center, Jeddah, Saudi
Arabia. Blood specimens were simultaneously collected
into plain vacutainer tubes and SST II advance vacu-
tainer tubes using a standard venesection procedure. Va-
cutainers were from Becton Dickinson (BD). Specimens
were centrifuged within 1 h of blood collection and the
serum transferred into secondary tubes. Serum was stored
at −80°C until analysis 6 months later. Previous stud-
ies have observed that vitamin D is stable under these
conditions (9, 10).

The HPLC instrument was from Waters Corporation,
Milford, MA (Alliance) using a Chromsystems reagent kit
(Chromsystems Instruments and Chemical GmbH, Mu-
nich, Germany), which enables simultaneous chromato-
graphic determination of 25OHD2 and 25OHD3 using
UV detection. Calibrators, controls, precipitation solu-
tion, wash buffers, elution buffer, mobile phase, and in-
ternal standard (IS) were also from Chromsystems. Solid-
phase extraction was used to remove interferents and
concentrate the analytes. Retention times of 25OHD2,
25OHD3, and IS were approximately 4.2, 4.6, and 7.1 min,
respectively. Chromatographic separation required about
12 min. The manufacturer’s intra-assay coefficient of vari-
ation (CV) was 0.9–3.0% and interassay CV was 2.3–3.3%.
The Liaison (Diasorin Inc., Stillwater, Italy) measures
25OHD by chemiluminescent immunoassay (CLIA). It is
a direct competitive assay that measures active vitamin D
forms (25OHD2 and 25OHD3) equally (intra-assay CV =
2.9–5.5% and interassay CV = 6.3–12.9%). The Architect
25OHD method uses a chemiluminescent microparticle
immunoassay (CMIA; Abbott Laboratories, Wiesbaden,
Germany) for the quantitative determination of total vi-
tamin D metabolites in human serum (intra-assay CV =
1.4–3.7% and interassay CV = 2.7–4.6%).

SPSS version 20 was used for statistical analysis. Data
were transformed using natural logarithm (Ln) to approx-
imate a normal distribution. Associations between vari-
ables were examined using Pearson’s correlation coeffi-

cients. Comparisons between means were performed by
paired Student’s t-tests at 95% confidence interval. Slope,
intercept, and correlation coefficients were calculated us-
ing the same program. Method comparisons were based
on the Bland and Altman (11) and analyzed using Med-
Calc statistical software version 12.7.5.

There were no significant differences between 25OHD3
results (means ± SE, nmol/l) obtained from specimens
collected into plain tubes and SSTs assayed by HPLC
(39.0 ± 2.7 vs. 39.3 ± 2.7), Liaison (32.9 ± 2.2 vs.
32.8 ± 2.3), or Architect (43.1 ± 2.8 vs. 43.2 ± 2.8).
On examining results obtained from specimens collected
into plain tubes, there was a significant correlation
(P < 0.0001) between those from HPLC and from
the Architect analyzer (r = 0.895; intercept = 1.733;
slope = 0.864) and between HPLC and the Liaison an-
alyzer (r = 0.907; intercept = 3.378; slope = 1.083).
Similarly, when SSTs were used, there was a significant
correlation (P < 0.0001) between HPLC and the Architect
analyzer (r = 0.908; intercept = 1.099; slope = 0.883) and
between HPLC and the Liaison analyzer (r = 0.913; inter-
cept = 5.154; slope = 1.042). When compared to HPLC,
results from the Liaison analyzer correlated more strongly
than did those form the Architect, irrespective of whether
plain tubes or SSTs were used. In specimens collected into
plain tubes (Fig. 1A), there was good agreement between
the Liaison assay and HPLC with little variation at high
concentrations. The Architect assay showed a clear posi-
tive bias at high 25OHD3 concentrations. Similar results
were obtained for SSTs (Fig. 1B).

The use of SSTs is logistically advantageous because use
of the primary tube for testing reduces consumable costs
and processing time. However, it is important to exclude
the possibility of gel interference with measurement. The
data showed clearly that SSTs had no effect on serum
25OHD3 concentrations as measured by HPLC or either
of the two immunoassays (Liaison and Architect). We
conclude therefore that it is appropriate to collect blood
into a single SST for both routine biochemical analyses
and measurement of 25OHD3. This is an important find-
ing because of the cost savings that can be made by using
a single tube for multiple tests, particularly in view of the
increase in 25OHD3 requests in recent years (12, 13).

The correlation between 25OHD concentrations esti-
mated by LC-MS or HPLC, and various immunoassay
platforms have been investigated previously (14–17). The
results of our correlation analyses agreed well with those
reported by Ferrell et al. (18), and with evaluation re-
ports on the Liaison (19) and Architect analyzers (20). Al-
though there were small differences in the strength of cor-
relation of results from HPLC and immunoassay instru-
ments, it appears that sample collection into either tube
type is acceptable, irrespective of the analytical method
used. Bland–Altman plot analysis showed that the
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Fig. 1. Bland–Altman plot for 25OHD3 results obtained from 50 subjects using the Liaison (Diasorin) and Architect (Abbott) immunoassays
compared to HPLC (Chromsystems). (A) Plain tubes: HPLC versus Liaison and Architect. (B) SSTs: HPLC versus Liaison and Architect.

Liaison analyzer agreed better with HPLC with very lit-
tle variation at high levels. The Architect analyzer agreed
well with HPLC at low 25OHD3 but with more variation
at high concentrations. The observed differences between

these methods emphasize the importance of interpreting
results using method-specific reference ranges.

Future studies are warranted to investigate the effect
of SSTs on 25OHD2 measurement so that guidance can
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be provided to clinical laboratories in countries where
this form of the vitamin is taken supplementally. Another
factor reported to influence 25OHD3 measurement is vi-
tamin D binding protein (DBP) (17). This also demands
further study. A limitation of the present study was that
LC-MS measurement of 25OHD3 was not included in
the comparison. Its principle of measurement is different
from those of the methods used in this study. In order to
ensure wide applicability of the findings, the study was
performed on the commonly used BD tubes. However, it
should be emphasized that the results are not necessarily
applicable to gel tubes produced by other manufacturers.

BD gel separators do not interfere with the measure-
ment of 25OHD3 when the analysis is carried out by
HPLC or common immunoassay methods. This impor-
tant finding may enable clinical laboratories to make cost
savings without concerns about inaccuracy of measure-
ments.
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