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25-Hydroxyvitamin D [25(OH)D], the predominant circulating form of vitamin D, is an
accurate indicator of the general vitamin D status of an individual. Because vitamin D
deficiencies have been linked to several pathologies (including osteoporosis and rickets),
accurate monitoring of 25(OH)D levels is becoming increasingly important in clinical settings.
Current 25(OH)D assays are either chromatographic or immunoassay-based assays. These
assays include HPLC, liquid chromatography-tandem mass spectrometry (LC-MS/MS), enzyme-
immunosorbent, immunochemiluminescence, immunofluorescence and radioimmunoassay. All
these assays use heterogeneous formats that require phase separation and special
instrumentations. In this article, we present an overview of these assays and introduce the
first homogeneous assay of 25(OH)D for use on general chemistry analyzers. A special
emphasis is put on the unique challenges posed by the 25(OH)D analyte. These challenges
include a low detection limit, the dissociation of the analyte from its serum transporter and
the inactivation of various binding proteins without phase separation steps.
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• general chemistry analyzer • RIA • vitamin D binding protein

Vitamin D
Vitamin D is a group of anti-rachitic fat-soluble
9,10-secosteroids. The most important com-
pounds of this group are vitamin D3 (cholecal-
ciferol) and vitamin D2 (ergocalciferol) (FIGURE 1).
In this study, we use the term ‘vitamin D’ to
exclusively refer to vitamin D2 or vitamin D3

compounds. Vitamin D3 is synthesized in the
skin when 7-dehydrocholesterol is exposed to
ultraviolet B radiation from sunlight [1,2]. The
exact amount of vitamin D3 that is made by the
skin is difficult to estimate or predict. It depends
on several factors, such as the extent of the
exposed skin surface, the length of exposure, the
overall health of the skin, the skin tone, the sea-
sonal variations in the intensity of ultraviolet B
radiation and the number of ultraviolet B
radiation-absorbing pigments in the skill cells.
Sunscreens have been shown to dramatically
interfere with the production of vitamin D3 by
the skin [1,3,4]. A recent research study showed
that application of the SPF8 sunscreen, accord-
ing to the manufacturers’ recommended doses,
completely blocked the production of vitamin D

by the skin. Skin-synthesized vitamin D3 can be
complemented with vitamin D3 from dietary
sources such as fish (mainly salmon, sardines and
tuna), liver oils and egg yolks. Vitamin D2, a
derivative of ergosterol, is produced by some
phytoplankton, fungi (including yeast and cer-
tain mushrooms) and by a few invertebrate ani-
mals [5,6]. Land plants and vertebrates are
incapable of producing vitamin D2 because they
lack the ergosterol precursor. Unlike vitamin D3,

which is available as dietary supplement, vitamin
D2 is a therapeutic drug in the USA, and can be
only obtained through doctor’s prescription.

Vitamin D metabolism & physiological
roles
Vitamin D, synthesized in the skin and/or
obtained from dietary supplements [7,8], circu-
lates in the bloodstream bound to vitamin D
binding protein (DBP) [9,10]. DBP is a glycosy-
lated a-globulin of approximately 58 kDa,
product of expression of the GC gene located
on human chromosome 4 [11]. DBP-bound
vitamin D is transported to the liver where it
is converted by the enzyme cholecalciferol
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25-hydroxylase into 25-hydroxyvitamin D (25[OH]D) (FIGURE 2).
25(OH)D has a half-life of several weeks [12]. Physicians mea-
sure 25(OH)D to evaluate the vitamin D status of a patient.

25(OH)D undergoes an additional hydroxylation catalyzed
by the enzyme 25-hydroxyvitamin D-1-a-hydroxylase to pro-
duce 1,25-dihydroxyvitamin D (FIGURE 2). This metabolite serves
as the active form of vitamin D, fulfilling many of its physio-
logical functions. The half-life of 1,25-dihydroxyvitamin D is
only a few hours, which makes it an inaccurate marker for the
general vitamin D status of an individual [12].

The hydroxylation of 25(OH)D occurs mainly in the kidneys
where the produced 1,25-dihydroxyvitamin D is involved in
bone health and calcium homeostasis. It is established, indeed,
that 1,25-dihydroxyvitamin D enhances the intestinal absorption
of calcium and phosphates (which are important for bone
calcification) as well as the intestinal absorption of other oligo-
elements such as iron, magnesium and zinc [13]. 1,25-Dihydroxy-
vitamin D produced by the kidneys is also important for muscle
health, immunomodulation, neurodevelopment, cardiovascular
health and blood pressure regulation [14].

The conversion of 25(OH)D into active form can also
occurs in white blood cells (monocytes and macrophages)
where the production of 1,25-dihydroxyvitamin D is involved
in immunomodulation, the prevention of autoimmune dis-
eases and the control of invading pathogens [15]. It has been
shown that 25(OH)D hydroxylation into 1,25-dihydroxyvita-
min D can also occur in various organs and tissues (such as
the prostate gland, breast, colon, lung and keratinocyte-
containing tissues) where it serves as a regulator of cell growth
and cell differentiation, hence its putative anti-oncogenic
effect [16].

The need for a vitamin D test
A growing body of research has been highlighting (since the
1990s) the importance of having sufficient levels of 25(OH)D.
Depending on serum calcium levels, insufficient levels of the cir-
culating form of vitamin D have been associated with increased
levels of the parathyroid hormone [17]. Parathyroid hormone
increases bone resorption leading to bone loss. A positive associa-
tion exists between serum 1,25-dihydroxycholecalciferol levels

and bone mineral density [17]. A recent study of 177 patients
with various oncologic diagnoses showed the prevalence of vita-
min D deficiencies and suggested that patients who are at high
risk for vitamin D deficiency or poor bone health to be regularly
screened for various cancers [18]. The impact of vitamin D in
breast cancer [19], rheumatoid arthritis [20], prostate hyperpla-
sia [21], hypertension risk [22], mortality in stroke patients [23],
postpartum depression [24], obesity [25] and insulin resistance [26]

has been also suggested and discussed.
Serum levels of 25(OH)D have been shown to have seasonal

variation of up to 40% (highest levels are found measured dur-
ing the summer season, lowest levels are measured during the
spring season) [27,28]. Despite these variations, 25(OH)D defi-
ciency is very common. The study of a US population aged 1 to
70+ years old showed that over 30% of females and over 25%
of males were vitamin D deficient [29]. A 2005–2006 National
Health and Nutrition Examination Survey analyzed the 25(OH)
D levels of nearly 4500 participants. The survey found that
41.6% of participants were deficient (having 20 ng/ml or less of
serum 25(OH)D). African Americans had the highest deficiency
rate (82.1%) followed by Hispanics (69.2%) [30–32].

The association between several pathologies and vitamin D
deficiencies highlights the importance of developing assays that
measure 25(OH)D. As the hydroxylation of either vitamin D2

or vitamin D3 (by the same enzymes) leads to equally active
vitamin D metabolites, measuring total 25(OH)D (sum of
plasma or serum circulating 25-hydroxyvitamin D2 [25(OH)
D2] and 25-hydroxyvitamin D3 [25(OH)D3]) is considered an
essential indicator of the vitamin D status of an individual [33].

The analytical challenge of measuring total 25(OH)D
To accurately measure the total 25(OH)D level of an individual,
the assay must first recognize 25(OH)D2 and 25(OH)D3

equally. This is a particularly challenging task. Indeed, 25(OH)
D2 and 25(OH)D3 have subtle structural differences, have differ-
ent binding affinities to their natural serum transporter (DBP)
and have different half-lives [34,35]. In addition, the assay must
not significantly cross-react with a multitude of vitamin D
metabolites (including vitamin D2 and vitamin D3 and 3-epivi-
tamin D [36]) despite these metabolites being structurally very
similar to 25(OH)D. As 25(OH)D is a highly hydrophobic
molecule, it exclusively circulates bound to DBP (free circulating
25(OH)D has never been found). An assay that measures 25
(OH)D needs, therefore, to dissociate this analyte from its trans-
porter before quantification. This represents another technical
challenge because not only the affinity of DBP to 25(OH)D is
relatively high (Ka = 5.10+8) but also serum levels of DBP are in
large excess compared with 25(OH)D. It is estimated that less
than 5% of the available DBP binding sites are occupied with
vitamin D. Moreover, it has been shown that serum DBP levels
can vary drastically among patients (from as low as 90 mg/ml to
as high as 1100 mg/ml in an apparently normal population) [37].
It is also known that several highly abundant serum albumins
(i.e., HSA) may non-specifically bind vitamin D metabolites
once released from DBP. The abundance of unoccupied DBP

H

H

Vitamin D3 (cholecalciferol) Vitamin D2 (ergocalciferol)

HO HO

H

H

Figure 1. The structures of (left) vitamin D3 and (right)
vitamin D2.
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and the non-specific interaction with other
serum albumins complicates the techniques
of release of 25(OH)D for analytical pur-
poses. For several years, detecting 25(OH)D
required total and irreversible denaturation
of serum proteins with organic solvents
(mostly acetonitrile) [38]. Unfortunately, the
use of these organic solvents is mostly
incompatible with the design of a fully auto-
mated, high-throughput 25(OH)D assay.

Overview of the current market for
25(OH)D testing
25(OH)D testing has increased exponen-
tially in the past 10 years. The worldwide
vitamin D market size was only 12 mil-
lions tests in 2007. In 2011, it reached
80 million tests. It is estimated that vita-
min D testing will grow at the rate of
32% over the next 4 years (2014–2018).
This increase is attributed mainly to the
substantial number of research articles
highlighting the physiological importance
of vitamin D and to the increase in size
of the chronically ill, aging populations.
To-date, most vitamin D testing is per-
formed in the USA (156 tests/
1000 inhabitant), Europe (150 tests/
1000 inhabitant in Belgium for example)
and Australia (148 tests/1000 inhabitant).
Current vitamin D testing in Asia and
Africa is lagging behind (less than 1 test/
1000 inhabitant) but is expected to grow
exponentially in the upcoming few years.

25(OH)D has been routinely measured
by HPLC, RadioImmunoAssay (RIA) and
liquid chromatography–tandem mass spec-
trometry (LC–MS/MS) methods [39–41]. In
particular, the LC–MS/MS method [42,43]

(chosen as the reference method by the US
Centers for Disease Control) is the only
method capable of reporting the individual
concentrations of 25(OH)D2, 25(OH)D3

and of their corresponding C3 epimers
[44,45]. However, despite their accuracy and
sensitivity, the methods listed above strug-
gled to meet the growing demand for 25
(OH)D testing. HPLC, RIA and LC–MS/
MS are indeed labor intensive, time-con-
suming, require highly trained technicians
and lack full-automation. As a result, test-
ing throughputs are low and turnaround times for results are long
(over 24 h).

Since the early 2000s, the US FDA has approved several
fully automated immunoassays methods for 25(OH)D [46]. The

vast majority of these immunoassays use a common core tech-
nology based on magnetic beads and chemiluminescence detec-
tion. The quality of these automated assays varies between
manufacturers. Although, these assays are fully automated and

CH2 CH2

Vitamin D3 Vitamin D2

HO

Cholecalciferol 25-hydroxylase

CH2 CH2

25-OH vitamin D3 25-OH vitamin D2

HO

CH2 CH2

HO HO

HO

OH

OH OH

OH OH

OH

25-OH vitamin D 1-a-hydroxylase

1,25-dihydroxy vitamin D3 1,25-dihydroxy vitamin D2

HO

Figure 2. Conversion of vitamin D to 25(OH)D2 and 25(OH)D3 and to
1,25-dihydroxyvitamin D2 and 1,25-dihydroxyvitamin D3.
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use systems easy to operate, they still involve multiple phase-
separation steps (washing steps) and require special instruments
or manufacturer-specific instruments to run exclusively the ana-
lyte 25(OH)D. In addition, some of these immunoassays do not
measure 25(OH)D2 and 25(OH)D3 equally, have poor correla-
tion with the reference method (LC–MS/MS), and poor trace-
ability to the National Institute of Standards and Technology
(NIST) standard reference material SRM972 [47]. TABLE 1 lists the
major assays for 25(OH)D currently approved by the FDA.

Description of the diazyme assay for 25(OH)D
The assay is based on the principle of a-complementation [48]

of the enzyme b-galactosidase and the competition between an
enzyme donor–25(OH)D conjugate, an anti-vitamin D anti-
body and the 25(OH)D content of a serum sample. The
assay’s principle is depicted in FIGURE 3.

The assay kit consists of five serum calibrators (containing
assigned amounts of 25(OH)D), a sample diluent and three
reagents R1, R2 and R3. These reagents are composed of
b-galactosidase enzyme acceptor, a b-galactosidase enzyme
donor–vitamin D conjugate, an anti-vitamin D antibody and a
b-galactosidase substrate (an ortho-nitrophenyl-b-galactoside
analog). All kit components are liquid stable and ready to use.

Enzyme acceptor

Enzyme donor

VDBP

25-OH vitamin D

Inactive VDBP

25-OH vitamin D antibody

Genetic engineering

Enzyme acceptor EA
(inactive)

Enzyme donor ED
(Inactive)

S

S

Step 1

Step 1

Step 2

Step 2

Step 3

Step 3

Signal

Signal

P

P

β-galactosidase
(active)

Active β-galactosidase
reconstituted in vitro

A

B

C

Figure 3. Principle of the Diazyme 25(OH)D assay. (A) The b-galactosidase a-complementation system. By means of genetic engineer-
ing, b-galactosidase is split in two inactive parts (the enzyme donor and the enzyme acceptor). When combined with the enzyme donor (or
any enzyme donor conjugate), the enzyme acceptor regains enzymatic activity and is capable of generating a measurable signal. (B) Signal
development in a low vitamin D specimen. Vitamin D is first dissociated from its transporter vitamin D binding protein during Step 1. The 25
(OH)D antibody is not fully saturated and is able to complex the enzyme donor conjugate, hindering its complementation of the enzyme
acceptor in Steps 2 and 3. Only a low background signal is developed and (C) signal development in a high vitamin D specimen. Vitamin D is
first dissociated from its transporter vitamin D binding protein during Step 1. The 25(OH)D antibody is now fully saturated and is unable to
complex the enzyme donor conjugate. The free enzyme donor conjugate is capable of complementing the enzyme acceptor and generating
a strong colorimetric signal during Steps 2 and 3.

R1:75 μl
Sample: 20 μl

37°C
0 5 12 19 min

A1

415 nm

A2

R2: 150 μl R3: 75 μl

Figure 4. The programmable sequence for the Diazyme 25
(OH)D assay on general chemistry analyzers.
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Specimens are first diluted, on-board, with the provided sample
diluent. In a suitable cuvette, 20 ml of the diluted specimen are
mixed with 75 ml of reagent R1 and incubated for 5 min at
37˚C. During this step, vitamin D metabolites are dissociated
from their transporter (vitamin D binding protein). Subse-
quently, 150 ml of reagent R2 are added to the mixture and
immuno-competition is allowed to proceed for 5 min. Finally,
75 ml of reagent R3 are added to allow for b-galactosidase sig-
nal development. A nitro-phenyl-b-galactoside derivative is
used as the enzyme substrate. The reaction’s product has a
maximum absorbance at 415 nm. This absorbance is propor-
tional to the concentration of 25(OH)D in a particular speci-
men. A schematic representation of the assay procedure is
shown in FIGURE 4.

Performance of the assay
The performance of the Diazyme 25(OH)D assay has been fully
validated for the use on Roche’s Modular P general chemistry ana-
lyzer. The assay parameters were also successfully developed for
applications of the assay to other models of chemistry analyzers
such as Integra 400, Pentra 400, Ace Alera, Hitachi 911 and
Mindray BS-480. The results reported are expressed in ng/ml.
The dynamic range of the assay is 7.6–147.8 ng/ml (samples with
values greater than 147.8 ng/ml are reported as >147.8 ng/ml,

samples with values less than 7.6 ng/ml are reported as <7.6 ng/
ml). The assay’s throughput is approximately 100 tests/h, with
the first results being reported in less than 30 min. Once the
application parameters are programmed into a general chemistry
analyzer channel, the assay can be run by any technician with the
most basic clinical chemistry skills. No special training is required.
Waste disposal follows the standard procedures in place in any
typical clinical chemistry laboratory. Analytical performance,
comparison studies and reference studies are shown below.

Sensitivity

Limits of detections were determined according to the Clinical
and Laboratory Standards Institute (CLSI) EP17-A guideline.
The limit of blank, the limit of detection and the limit of
quantification were 2.0, 3.5 and 7.6 ng/ml, respectively,.

Accuracy

The performance of this assay was compared with the perfor-
mance of The DiaSorin Liaison Assay (DiaSorin Inc.). The
results of 98 serum samples are shown in TABLE 2. Linear regres-
sion plot of method comparison is shown in FIGURE 5.

Matrix comparison

To evaluate the effect of anticoagulants, the Diazyme 25(OH)D
assay was used to measure the 25(OH)D concentrations of
matched sets of serum, potassium ethylenediaminetetraacetic acid
(K3-EDTA) plasma and Li-heparin plasma. All three matrices
can be used for the assay. Indeed, linear regression of the
‘K3-EDTA plasma versus serum’ data yielded the following
results: y = 0.9948x – 0.7057 and R2 = 0.9866. Linear regression
of the ‘Li-heparin plasma versus serum’ data yielded the following
results: y = 0.9657x – 0.6596 and R2 = 0.9736. FIGURE 6 shows the
linear plots of these matrix comparison studies.

Precision

Precision was evaluated according to the CLSI EP5-A guide-
line. Controls and samples were measured daily over the span
of 20 days, using three lots of reagents. Forty independent runs
were performed on each specimen. Each run produced two
measurements. Eighty data points were obtained per specimen.
Results are shown in TABLE 3.

Linearity

Eleven levels of linearity were prepared by diluting a high serum
sample with vitamin D-depleted serum. Linearity levels were pre-
pared according to the CLSI EP6-A guideline. The assay was
found to be linear between 7.6 and 147.8 ng/ml. FIGURE 7 shows
the linearity plot of the Diazyme 25(OH)D assay.

Interference

Interference studies were conducted according to the CLSI
EP7-A2 guideline. The acceptance criterion was set at 10% or
less deviation between the spiked sample and the control. The
assay’s results were not significantly affected by following com-
pounds listed in TABLE 4.

y = 0.9892x + 0.465
R2 = 0.9689
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Figure 5. Linear regression plot of the Diazyme versus
Predicate 25(OH)D method comparison.

Table 2. Method comparison between the diazyme
assay and the diasorin liaison assay.

Deming regression analysis 95% CI

Slope 1.005 (0.969–1.041)

Intercept -0.21 (-2.15 to 1.73)

Correlation coefficient 0.984 (0.976–0.989)

Range 9.5–140.9
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Cross-reactivity

Cross-reactivity of the Diazyme 25(OH)D assay was deter-
mined by adding vitamin D metabolites to serum pool sam-
ples. Based on the results in the table, the assay showed no
preference in detecting vitamin D3 versus vitamin D2, and the
assay recovers both 25(OH)D3 and 25(OH)D2 similarly.
Cross-reactivity with various vitamin D metabolites is summa-
rized in TABLE 5. No significant cross-reactivity (4.1%) was found
for paricalcitol (Zemplar�) up to 25 ng/ml.

Our assay cross-reacts to 92% with 25(OH)D2 and 100%
with 25(OH)D3. This small difference in cross-reaction is
likely artifactual because of uncertainties in the quantification

of spiked 25(OH)D2 and spiked 25(OH)D3, small differen-
ces in the solubility, small differences in the stability or
small differences in the purity of these two vitamins. Our
assay cross-reacts with the 3-epi-25-hydroxyvitamin D epi-
mers to 51–62%, making it unsuitable for measuring neona-
tal samples.

Because anomalous behavior of exogenously added material
(compared to endogenous material) has been observed by sev-
eral clinical diagnostics manufacturers, we cannot completely
exclude that the reported endogenous material interference and
cross-reactivity might be slightly different from those obtained
exclusively with endogenous material.

Table 3. Within-run, between-run and total assay precision.

25(OH)D (ng/ml) Within-run Between-run Total

Specimen n Mean SD %CV SD %CV SD %CV

Control #1 80 23.1 1.47 6.4 1.04 4.5 1.68 7.3

Control #2 80 45.7 2.06 4.5 1.67 3.7 2.12 4.6

Sample #1 80 22.6 1.19 5.3 1.11 4.9 1.45 6.4

Sample #2 80 31.7 1.42 4.5 1.59 5.0 1.81 5.7

Sample #3 80 40.6 1.42 3.5 1.59 3.9 1.66 4.1

Sample #4 80 48.6 2.32 4.8 1.71 3.5 2.41 4.9

Sample #5 80 55.8 2.14 3.8 1.73 3.1 2.34 4.2

Sample #6 80 65.4 2.03 3.1 1.79 2.7 2.42 3.7

Sample #7 80 69.7 2.02 2.9 1.99 2.9 2.55 3.7

Sample #8 80 92.8 2.52 2.7 2.02 2.2 3.40 3.7

Sample #9 80 134.6 2.97 2.2 2.69 2.0 3.87 2.9

Low sample #1 80 9.4 1.22 13.0 0.98 10.4 1.31 14.0

Low sample #2 80 11.2 1.58 14.2 0.88 7.9 1.55 13.9

CV: Coefficient of variation; SD: Standard deviation.
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Figure 6. Matrix comparison linear regression plots. (A) K3-EDTA plasma versus serum and (B) Li-Heparin plasma versus serum.
K3-EDTA: Potassium ethylenediaminetetraacetic acid.
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Reference range

Reference range of the Diazyme 25(OH)D assay was determined
by measuring the 25(OH)D serum concentrations of the US
population of 157 apparently healthy adults, 21–80 years old,
during the months of October and November (fall season). Indi-
viduals were from three different geographical locations: 47 from

Pennsylvania (Northern US), 56 from Tennessee (Central US)
and 54 from Texas (Southern US). All 157 individuals did not
have kidney disease, GI disease, liver disease, calcium level-related
disease, thyroid disease, parathyroid disease, seizures, chronic dis-
ease or bariatric surgery. The 2.5–97.5th percentile range was
15.0–45.9 ng/ml. The median concentration was 25.6 ng/ml.

Regulatory affairs

The Diazyme assay for 25(OH)D was cleared by the FDA on
14 March 2014 (510k number k133410). The assay is also CE
marked. The product is now being marketed in the USA,
Europe and Asia.

Conclusions
Because vitamin D deficiencies have been linked to many dis-
eases (including osteoporosis, rickets, cardiovascular diseases and
cancers), accurate monitoring of total 25(OH)D levels is impor-
tant in clinical settings. Currently available 25(OH)D assay
methods include LC–MS/MS, radioimmunoassay, ELISA and
chemiluminescent immunoassays using special instruments.
None of these assays runs on clinical chemistry analyzers that are
commonly available in hospitals and reference laboratories. In
2014, Diazyme introduced a homogenous 25(OH)D assay using
an enzyme–antibody combination technique. It is the first fully
automated colorimetric assay for 25(OH)D that runs on general
clinical chemistry analyzers (e.g., Roche Modular P). The Dia-
zyme assay is expected to allow clinical laboratories of all sizes to
run 25(OH)D tests in-house. The Diazyme assay was cleared by
the FDA on 14 March 2014. It was also CE marked at the end
of 2013. The product is now being marketed worldwide.

Expert commentary
With the Diazyme 25(OH)D assay, vitamin D testing can now
be performed on general chemistry analyzers using routine col-
orimetric detection. This technological breakthrough was made
possible, thanks to several developments.

First, several high-affinity and high-specificity 25(OH)D anti-
bodies were made available over the past few years. This allowed
Diazyme to perform the competition step (between analyte, anti-
body and enzyme–donor conjugate) over a relatively short period
of time (1–5 min, compatible with the timing needed for chemis-
try analyzers). This short competition largely contrasts with early
immunoassays for 25(OH)D where lengthy competition steps
lasted between 2 and 18 h (overnight incubation).

Second, as there is no clinical significance in measuring 25
(OH)D2 and 25(OH)D3 separately, the development of anti-
bodies that recognize 25(OH)D2 and 25(OH)D3 equally was
important in reporting the true total 25(OH)D (unbiased sum
of 25(OH)D2 + 25(OH)D3). In the early 2000s, original 25
(OH)D assays suffered from the lack of complete cross-reaction
with 25(OH)D2 (which could be as low as 75%).

Third, a significant improvement to the cloned-enzyme
donor technology has contributed to Diazyme’s new method
for detecting vitamin D. b-Galactosidase enzyme donor and
enzyme acceptor fragments were specially engineered to detect

Table 4. Assay tolerance to various interference
substances.

Substance Concentration (mg/dl)

Conjugated bilirubin 40

Free bilirubin 40

Hemoglobin 100

Ascorbic acid 176

Triglycerides 750

Uric acid 20

Biotin 2

Human serum albumin 9

N-acetyl cysteine amide 1663

Ampicillin 1000

Cyclosporine C 105

Cefoxitin 660

Acetylsalicylic acid 1000

Rifampicin 64

Acetaminophen 200

Ibuprofen 500

Theophylline 100

y = 1.0004x – 1.2327
R2 = 0.998 
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Figure 7. Linearity plot: The plot shows the recovered
values (obtained in an 11-level dilution experiment) versus
the expected values.
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25(OH)D. The enzyme donor was modified to accommodate
a single, site-specific, conjugation to vitamin D. The conjuga-
tion site was designed to minimize the interference with the
activity of the enzyme and promote the recognition of the vita-
min D epitope by a specific 25(OH)D antibody. The enzyme
acceptor was also engineered to sustain a high turnover rate
once enzyme donor and enzyme acceptors reconstitute the
active b-galactosidase. In the Diazyme assay, enzyme donor
and enzyme acceptor are part of liquid-stable, ready-to-use
reagents. This contrasts with earlier cloned enzyme donor
immunoassays in which all reagents were lyophilized and
needed reconstitution with special buffers.

Dissociating vitamin D from its abundant serum transporter
(DBP) has been one of the major challenges for automated
assays for 25(OH)D. Diazyme uses its organic solvent-free pro-
prietary diluent to irreversibly dissociate vitamin D. This disso-
ciation happens in a single aqueous and homogenous step. No
solid phases are involved (i.e., magnetic beads, ELISA solid sur-
faces and the like) and no wash steps are needed which made
the assay adaptable to general chemistry analyzers.

Finally, achieving the detection limit required for 25(OH)D
testing was made possible, thanks to the use of Diazyme’s propri-
etary b-galactosidase substrates that combine high extinction
coefficients with long-term liquid-stability in manufactured
reagents. Commercially available substrates could not be used for
the assay because they are either liquid stable but have a low
extinction coefficient (i.e., ortho-nitrophenyl-b-galactoside
[ONPG]) or have a high extinction coefficient but are liquid
unstable (i.e., chlorophenol red-b-D-galactopyranoside [CPRG]).

Early assays for 25(OH)D suffered from several performance
issues, chief among them was poor method-to-method accuracy.
This was due to several factors that include the use of different
molecular competitors (vitamin D binding protein versus anti-
bodies with various molecular specificities and cross-reactivities),
the permanent removal of serum proteins (HPLC, RIA, LC–
MS/MS) versus the non-permanent removal of serum proteins
(ELISA, chemiluminescence immunoassays, chemiluminescence
competitive protein binding assays and colorimetric immunoas-
says). The introduction of NIST-972 reference material in
2008 (four serum levels with LC–MS/MS certified values for 25
(OH)D2, 25(OH)D3 and 3-epi-25-hydroxyvitamin D3) helped
improve the accuracy of the current 25(OH)D assays. However,
significant between-methods accuracy issues still remain. It is
not unusual to find, in 2014, a leading 25(OH)D assay dis-
playing large biases (ranging between -21 and +56%) in the
95% agreement interval with the LC–MS/MS reference val-
ues [49,50]. These accuracy issues are very likely due to assay-
dependent and assay-independent interference and/or cross-
reacting substances that are occasionally present in the
patient’s serum. These substances are yet to be discovered and
solutions counteracting their effects have yet to be invented.

Five-year view
25(OH)D testing has increased exponentially in the past dec-
ades. Vitamin D testing is expected to grow at the rate of

32% over the upcoming 4 years (2014–2018). A large body
of research highlighting the physiological importance of 25
(OH)D sustains this growth. This increasing demand for vita-
min D testing faced, until now, several technological chal-
lenges. Chief among these challenges are full automation,
high throughput, requirement for special and expensive
equipment, as well as high cost per test for the reagents.
Therefore, as of today, large hospital laboratories and refer-
ence laboratories are performing most of the 25(OH)D test-
ing. Smaller laboratories have to send their specimens out to
larger laboratories for vitamin D testing. The introduction of
the Diazyme 25(OH)D assay for general clinical chemistry
analyzers eliminates the need to acquire special equipment
and allows laboratories of all sizes to run vitamin D testing
using their existing chemistry analyzers (used for routine
chemistry). This will not only improve the turnaround time
for test results but will also significantly reduce the cost per
test. The Diazyme assay will therefore quickly change the way
clinical testing for 25(OH)D is performed. It will transform
the 25(OH)D test into an affordable, routine clinical chemis-
try test contrasting with its current expensive and ‘special
chemistry’ status. The fully automated, user friendly and
cost–effective Diazyme 25(OH)D assay will help meet the
growing demand for vitamin D testing in the USA as well as
the rest of the world. Because of the physiological importance
of vitamin D, a widely available 25(OH)D test should
improve the general health of individuals through regular and
targeted preventive care. It should also help reduce the cost of
healthcare in the USA through a decrease in the size of the
clinical population.
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Table 5. Assay cross-reactivity with various vitamin
D metabolites.

Compound Concentration
tested (ng/ml)

Cross-
reactivity (%)

25(OH)D3 44.0 100

25(OH)D2 44.0 92.3

Vitamin D3 44.0 1.0

Vitamin D2 44.0 2.9

1,25-(OH)2 vitamin D3 2.9 2.5

1,25-(OH)2 vitamin D2 2.9 -1.5

24R,25-(OH)2 vitamin D3 41.0 5.1

3-epi-25-hydroxyvitamin D3 42.0 61.7

3-epi-25-hydroxyvitamin D2 42.0 55.1
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Key issues

• 25-Hydroxyvitamin D [25(OH)D] is the accurate indicator of the general vitamin D status of an individual.

• 25(OH)D deficiencies are linked to many diseases.

• 25(OH)D testing has been growing exponentially in the past decade.

• Currently available assays for 25(OH)D are expensive, require special equipment, have low throughput and cannot be run in standard

clinical chemistry labs.

• To meet the increasing demand for vitamin D testing, Diazyme developed the first fully automated colorimetric assay for 25(OH)D that

runs on general chemistry analyzers.

• The Diazyme assay is poised to transform 25(OH)D into an affordable routine clinical chemistry test.

• Identifying and counteracting the effect of previously unknown 25(OH)D substances is essential to improve the accuracy and the

agreement between various 25(OH)D assays.

References

1. Wacker M, Holick MF. Sunlight and

Vitamin D: A global perspective for health.

Dermatoendocrinol 2013;5(1):51-108

2. Haxhiu D, Hoby S, Wenker C, et al.

Influence of feeding and UVB exposition on

the absorption mechanisms of calcium in the

gastrointestinal tract of veiled chameleons

(Chamaeleo calyptratus). J Anim Physiol

Anim Nutr (Berl) 2014;98(6):1021-30

3. Lips P, van Schoor NM, de Jongh RT.

Diet, sun, and lifestyle as determinants of

vitamin D status. Ann N Y Acad Sci 2014;

1317(1):92-8

4. Faurschou A, Beyer DM, Schmedes A, et al.

The relation between sunscreen layer

thickness and vitamin D production after

ultraviolet B exposure: a randomized clinical

trial. Br J Dermatol 2012;167(2):391-5

5. Japelt RB, Jakobsen J. Vitamin D in plants:

a review of occurrence, analysis, and

biosynthesis. Front Plant Sci 2013;4(136):1-20

6. Borel P, Caillaud D, Cano NJ. Vitamin D

bioavailability: state of the art. Crit Rev

Food Sci Nutr 2013. [Epub ahead of print]

7. Giusti A, Barone A, Pioli G, et al.

Heterogeneity in serum 25-hydroxy-vitamin

D response to cholecalciferol in elderly

women with secondary hyperparathyroidism

and vitamin D deficiency. J Am Geriatr Soc

2010;58(8):1489-95

8. Shab-Bidar S, Bours S, Geusens PP, et al.

Serum 25(OH)D response to vitamin D

supplementation: a meta-regression analysis.

Nutrition 2014;30(9):975-85

9. Bhan I. Vitamin d binding protein and

bone health. Int J Endocrinol

2014;2014:561214

10. Yousefzadeh P, Shapses SA, Wang X.

Vitamin D Binding Protein Impact on

25-Hydroxyvitamin D Levels under

Different Physiologic and Pathologic

Conditions. Int J Endocrinol

2014;2014:981581

11. Speeckaert MM, Speeckaert R, van Geel N,

Delanghe JR. Vitamin D binding protein:

a multifunctional protein of clinical

importance. Adv Clin Chem 2014;63:1-57

12. Jones G. Pharmacokinetics of vitamin D

toxicity. Am J Clin Nutr 2008;88(2):

582S-6S

13. Balesaria S, Sangha S, Walters JR. Human

duodenum responses to vitamin D

metabolites of TRPV6 and other genes

involved in calcium absorption. Am J

Physiol Gastrointest Liver Physiol 2009;

297(6):G1193-7

14. Okano T. [Bone metabolism and

cardiovascular function update. Role of

vitamin D in the bone and vascular

intercommunication]. Clin Calcium 2014;

24(7):1013-20

15. Cutolo M, Paolino S, Sulli A, et al.

Vitamin D, steroid hormones, and

autoimmunity. Ann N Y Acad Sci 2014;

1317(1):39-46

16. Hollis BW, Wagner CL. Nutritional

vitamin D status during pregnancy: reasons

for concern. CMAJ 2006;174(9):1287-90

17. Das S, Bopitya S, Taha H, David L.

Relationship Between Vitamin D,

Parathyroid Hormone, Bone Mineral

Density, Fracture and Antiretroviral

Therapy in HIV Patients. Recent Pat

Antiinfect Drug Discov 2014;9(1):6-13

18. DeMille DM, Piscitelli M, Ocker A, et al.

Vitamin D deficiency in the oncology

setting. J Community Support Oncol 2014;

12(1):13-19

19. Narvaez CJ, Matthews D, LaPorta E, et al.

The impact of vitamin D in breast cancer:

genomics, pathways, metabolism. Front

Physiol 2014;5:213

20. Brance ML, Brun LR, Lioi S, et al. Vitamin

D levels and bone mass in rheumatoid

arthritis. Rheumatol Int 2014. [Epub ahead

of print]

21. Yalcinkaya S, Eren E, Eroglu M, et al.

Deficiency of vitamin d and elevated

aldosterone in prostate hyperplasia. Adv

Clin Exp Med 2014;23(3):441-6

22. Vimaleswaran KS, Cavadino A, Berry DJ,

et al. Association of vitamin D status with

arterial blood pressure and hypertension

risk: a mendelian randomisation study.

Lancet Diabetes Endocrinol 2014;2(9):

719-29

23. Daubail B, Jacquin A, Guilland JC, et al.

Association between Serum Concentration

of Vitamin D and 1-Year Mortality in

Stroke Patients. Cerebrovasc Dis 2014;

37(5):364-7

24. Gur EB, Gokduman A, Turan GA,

et al. Mid-pregnancy vitamin D levels

and postpartum depression. Eur J

Obstet Gynecol Reprod Biol 2014;179:

110-16

25. Saliba W, Barnett-Griness O, Rennert G.

Obesity and Association of Serum 25(OH)

D Levels with All-Cause Mortality. Calcif

Tissue Int 2014;95(3):222-8

26. Song BM, Kim HC, Choi DP, et al.

Association between Serum

25-Hydroxyvitamin D Level and Insulin

Resistance in a Rural Population. Yonsei

Med J 2014;55(4):1036-41

27. Priemel M, von Domarus C, Klatte TO,

et al. Bone mineralization defects and

vitamin D deficiency: histomorphometric

analysis of iliac crest bone biopsies and

circulating 25-hydroxyvitamin D in

675 patients. J Bone Miner Res 2010;25(2):

305-12

28. Woitge HW, Knothe A, Witte K, et al.

Circaannual rhythms and interactions of

vitamin D metabolites, parathyroid

hormone, and biochemical markers of

skeletal homeostasis: a prospective

Diagnostic Profile First 25(OH)D assay for general chemistry analyzers

doi: 10.1586/14737159.2015.988144 Expert Rev. Mol. Diagn.

E
xp

er
t R

ev
ie

w
 o

f 
M

ol
ec

ul
ar

 D
ia

gn
os

tic
s 

D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

IB
I 

C
ir

cu
la

tio
n 

- 
A

sh
le

y 
Pu

bl
ic

at
io

ns
 L

td
 o

n 
12

/0
1/

14
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

http://www.ncbi.nlm.nih.gov/pubmed/24848550?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24848550?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24848550?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24848550?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24814938?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24814938?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22512875?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22512875?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22512875?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22512875?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24915331?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24915331?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20646099?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20646099?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20646099?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20646099?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24993750?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24993750?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24987416?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24987416?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24868205?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24868205?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24868205?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24868205?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18689406?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18689406?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19779013?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19779013?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19779013?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19779013?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24739090?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24739090?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16636329?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16636329?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16636329?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24909536?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24909536?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24909536?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24909536?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24971398?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24971398?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24982636?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24982636?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24979517?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24979517?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24970287?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24970287?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24970287?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24958474?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24958474?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24954334?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24954334?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24954334?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19594303?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19594303?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19594303?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19594303?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19594303?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11127208?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11127208?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11127208?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11127208?dopt=Abstract


study. J Bone Miner Res 2000;15(12):

2443-50

29. Yetley EA. Assessing the vitamin D status of

the US population. Am J Clin Nutr 2008;

88(2):558S-64S

30. Moore CE, Radcliffe JD, Liu Y. Vitamin D

intakes of children differ by race/ethnicity,

sex, age, and income in the United States,

2007 to 2010. Nutr Res 2014;34(6):

499-506

31. Uluduz D, Adil MM, Rahim B, et al.

Vitamin D deficiency and osteoporosis in

stroke survivors: an analysis of National

Health and Nutritional Examination Survey

(NHANES). J Vasc Interv Neurol 2014;

7(1):23-8

32. Karalius VP, Zinn D, Wu J, et al.

Prevalence of risk of deficiency and

inadequacy of 25-hydroxyvitamin D in

US children: NHANES 2003-2006. J

Pediatr Endocrinol Metab 2014;27(5-6):

461-6

33. Phinney KW. Development of a standard

reference material for vitamin D in serum.

Am J Clin Nutr 2008;88(2):511S-2S

34. Jones KS, Assar S, Harnpanich D, et al. 25

(OH)D half-life is shorter than 25(OH)D

half-life and is influenced by DBP

concentration and genotype. J Clin

Endocrinol Metab 2014;99(9):3373-81

35. Farrell CJ, Soldo J, McWhinney B, et al.

Impact of assay design on test

performance: lessons learned from

25-hydroxyvitamin D. Clin Chem Lab

Med 2014;52(11):1579-87

36. Higashi T, Suzuki M, Hanai J, et al.

A specific LC/ESI-MS/MS method for

determination of 25-hydroxyvitamin D3 in

neonatal dried blood spots containing a

potential interfering metabolite, 3-epi-25-

hydroxyvitamin D3. J Sep Sci 2011;34(7):

725-32

37. Sonderman JS, Munro HM, Blot WJ,

Signorello LB. Reproducibility of serum

25-hydroxyvitamin d and vitamin

D-binding protein levels over time in a

prospective cohort study of black and white

adults. Am J Epidemiol 2012;176(7):615-21

38. Abu El Maaty MA, Hanafi RS,

Aboul-Enein HY, Gad MZ.

Design-of-experiment approach for HPLC

analysis of 25-Hydroxyvitamin D:

a comparative assay with ELISA. J

Chromatogr Sci 2014. [Epub ahead of

print]

39. Hart GR, Furniss JL, Laurie D,

Durham SK. Measurement of vitamin D

status: background, clinical use, and

methodologies. Clin Lab 2006;52(7-8):

335-43

40. Herrmann M. The measurement of

25-hydroxy vitamin D - an analytical

challenge. Clin Chem Lab Med 2012;

50(11):1873-5

41. Carter GD. Accuracy of 25-hydroxyvitamin

D assays: confronting the issues. Curr Drug

Targets 2011;12(1):19-28

42. Binkley N, Krueger DC, Morgan S,

Wiebe D. Current status of clinical

25-hydroxyvitamin D measurement:

an assessment of between-laboratory

agreement. Clin Chim Acta 2010;

411(23-24):1976-82

43. Herrmann M, Harwood T, Gaston-Parry O,

et al. A new quantitative LC tandem mass

spectrometry assay for serum 25-hydroxy

vitamin D. Steroids 2010;75(13-14):1106-12

44. Yazdanpanah M, Bailey D, Walsh W,

et al. Analytical measurement of serum

25-OH-vitamin D(3), 25-OH-vitamin D

(2) and their C3-epimers by LC-MS/

MS in infant and pediatric specimens.

Clin Biochem 2013;46(13-14):1264-71

45. Bailey D, Perumal N, Yazdanpanah M,

et al. Maternal-fetal-infant dynamics of the

C3-epimer of 25-hydroxyvitamin D. Clin

Biochem 2014;47(9):816-22

46. Binkley N, Sempos CT, Vitamin DSP.

Standardizing Vitamin D assays: the way

forward. J Bone Miner Res 2014;29(8):

1709-14

47. Bedner M, Lippa KA, Tai SS. An

assessment of 25-hydroxyvitamin D

measurements in comparability studies

conducted by the Vitamin D Metabolites

Quality Assurance Program. Clin Chim

Acta 2013;426:6-11

48. Engel WD, Khanna PL. CEDIA in vitro

diagnostics with a novel homogeneous

immunoassay technique. Current status and

future prospects. J Immunol Methods 1992;

150(1-2):99-102

49. Farrell C, Soldo J, Williams P,

Herrmann M. 25-Hydroxyvitamin D

testing: challenging the performance of

current automated immunoassays. Clin

Chem Lab Med 2012;50(11):1953-63

50. Farrell CJ, Martin S, McWhinney B, et al.

State-of-the-art vitamin D assays:

a comparison of automated immunoassays

with liquid chromatography-tandem mass

spectrometry methods. Clin Chem 2012;

58(3):531-42

Saida, Chen, Tran, Dou & Yuan Diagnostic Profile

informahealthcare.com doi: 10.1586/14737159.2015.988144

E
xp

er
t R

ev
ie

w
 o

f 
M

ol
ec

ul
ar

 D
ia

gn
os

tic
s 

D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

IB
I 

C
ir

cu
la

tio
n 

- 
A

sh
le

y 
Pu

bl
ic

at
io

ns
 L

td
 o

n 
12

/0
1/

14
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

http://www.ncbi.nlm.nih.gov/pubmed/11127208?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18689402?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18689402?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24920985?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24920985?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24920985?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24920985?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18689392?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18689392?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24885631?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24885631?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24885631?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24885631?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24887958?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24887958?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24887958?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21328697?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21328697?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21328697?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21328697?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21328697?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22975199?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22975199?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22975199?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22975199?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22975199?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16955631?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16955631?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16955631?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/23113976?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/23113976?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/23113976?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20795940?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20795940?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20713030?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20713030?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20713030?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20713030?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20654641?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20654641?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20654641?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/23269360?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/23269360?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/23269360?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/23269360?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24462965?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24462965?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24737265?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24737265?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/23978484?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/23978484?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/23978484?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/23978484?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/23978484?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1613262?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1613262?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1613262?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1613262?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/23113977?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/23113977?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/23113977?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22230812?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22230812?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22230812?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22230812?dopt=Abstract
http://informahealthcare.com

	Vitamin D
	Vitamin D metabolism & physiological roles
	The need for a vitamin D test
	The analytical challenge of measuring total 25(OH)D
	Overview of the current market for 25(OH)D testing
	Description of the diazyme assay for 25(OH)D
	Performance of the assay
	Sensitivity
	Accuracy
	Matrix comparison
	Precision
	Linearity
	Interference
	Cross-reactivity
	Reference range
	Regulatory affairs

	Conclusions
	Expert commentary
	Five-year view
	Financial & competing interests disclosure

