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Abstract

Carbohydrate-deficient transferrin (CDT) is a descriptive
term used for a temporary change in the transferrin glyco-
sylation profile caused by alcohol, and used as a biomarker
of chronic high alcohol consumption. The use of an array of
methods for measurement of CDT in various absolute or rel-
ative amounts, and sometimes covering different transferrin
glycoforms, has complicated the comparability of results and
caused confusion among medical staff. This situation
prompted initiation of an IFCC Working Group on CDT
standardization. This second publication of the WG-CDT
covers the establishment of a network of reference labora-
tories running a high-performance liquid chromatography
(HPLC) candidate reference measurement procedure, and
evaluation of candidate secondary reference materials. The
network laboratories demonstrated good and reproducible
performance and thus can be used to assign target values for
calibrators and controls. A candidate secondary reference
material based on native human serum lyophilized with a
cryo-/lyoprotectant to prevent protein denaturation was found
to be commutable and stable during storage. A proposed
strategy for calibration of different CDT methods is also pre-
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sented. In an external quality assurance study involving 66
laboratories and covering the current routine CDT assays
(HPLC, capillary electrophoresis and immunoassay), recal-
culation of observed results based on the nominal values for
the candidate calibrator reduced the overall coefficient of
variation from 18.9% to 5.5%. The logistics for distribution
of reference materials and review of results were found to
be functional, indicating that a full reference system for CDT
may soon be available.
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Introduction

Carbohydrate-deficient transferrin (CDT) is a descriptive
term used for a temporary change in the glycosylation pattern
of transferrin caused by, and used as a biomarker of sustained
moderate to high alcohol consumption. Several glycoforms
of transferrin are normally present in blood of which tetra-
sialotransferrin, containing two biantennary disialylated
N-glycans (1-3), is the most abundant and accounts for
approximately 80% of serum transferrin (4). Two normally
minor glycoforms, disialotransferrin which is missing one
N-glycan, and asialotransferrin missing both glycans (1-3),
occur in increased amounts in response to heavy drinking
and are considered the main CDT glycoforms (5). When
excessive alcohol consumption is discontinued or much
reduced, the transferrin profile normalizes with a half-life
of approximately 1.5 weeks (6), and takes approximately
2-5 weeks to return to baseline levels (7).

Many different analytical techniques and methods have
been used for measurement of ‘‘CDT’’, often measuring var-
ious transferrin glycoforms and sometimes showing different
sensitivity and specificity for alcohol related changes (8, 9).
The CDT assays in current routine use are based on high-
performance liquid chromatography (HPLC) (10-12), cap-
illary electrophoresis (CE) (13-15), or immunochemistry
(16). CDT analysis by HPLC and CE relies on charge-based
separation of the glycoforms followed by photometric detec-
tion. The relative concentrations to total transferrin are
calculated based on peak areas. For immunochemical meas-
urement, at present there is only one CDT immunoassay on
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the market (N Latex CDT, Siemens) since all the indirect
methods based on anion-exchange minicolumn separation
followed by immunoassay have been withdrawn. N Latex
CDT relies on a monoclonal antibody that recognizes a struc-
tural change in transferrin missing one or both N-glycans,
corresponding to asialo-, monosialo-, and disialotransferrin,
followed by nephelometric quantification of these glyco-
forms (16). The relative CDT values are calculated using a
simultaneous total transferrin immunoassay.

CDT methods based on HPLC and CE offer the advantage
of graphic visualization of the transferrin profile, and allow
qualitative and quantitative determination of individual
forms (17). The glycoform pattern also enables detection of
potential analytical interferences with CDT as an alcohol-
specific biomarker. These potential interferences include
genetic transferrin variants (11, 18), congenital disorders of
glycosylation (CDG) (19-21), and other interferences that
are apparently unrelated to heavy drinking (22-24).
Although generating a similar graphic image, HPLC and CE
utilize quite different principles for detection of CDT. HPLC
methods rely on the selective absorbance of the iron-trans-
ferrin complex at approximately 460—470 nm (25), whereas
CE detection is based on UV absorption by the peptide bond
at approximately 200 nm. The rather non-specific detection
principle employed in CE occasionally hampers the correct
determination of CDT due to co-migrating interferences (14,
26, 27).

The use of a wide range of methods for CDT measurement
and expressing the result in various absolute or relative
amounts, covering either a distinct species (typically disia-
lotransferrin) or a mixture of glycoforms, has complicated
the comparability of analytical and clinical results (5, 11, 28).
The associated array of method-related cut-off thresholds
also has caused much confusion among medical staff when
CDT is used for routine screening and the follow-up of
heavy drinking. The structural complexity of transferrin
glycoforms has delayed development of reference materials
on which to base interassay standardization.

These problems prompted the initiation of a Working
Group on Standardization of CDT (WG-CDT) under the aus-
pices of the International Federation of Clinical Chemistry
and Laboratory Medicine (IFCC). The goal of standardiza-
tion is that different measurement procedures should produce
comparable results, permitting the use of a common cut-off
threshold. However, a problem with CDT testing is that some
methods differ in the measurand used. In the first publication
of the WG-CDT (5), disialotransferrin (i.e., disialylated
mono-glycan transferrin) (3) was defined as the single mea-
surand for CDT standardization and the primary, but not sole
(29), target analyte for CDT measurements. The basis for
choosing disialotransferrin over asialotransferrin or the sum
of disialotransferrin and asialotransferrin, is that disialotrans-
ferrin represents the major glycoform measured with all
current CDT methods. Also, standardization is difficult to
perform for a mixture of two analytes. Moreover, because
asialotransferrin is only detected following heavy drinking
and thus always accompanies an already increased disialo-
transferrin concentration (4, 11), measurement of asialotrans-

ferrin alone will yield low diagnostic sensitivity (30). HPLC
was considered the best currently available candidate for a
reference measurement procedure, due to high analytical sen-
sitivity and an inherent low risk for test interference (5).
Furthermore, reporting disialotransferrin or CDT values as a
percentage of the total transferrin concentration was strongly
recommended because this strategy compensated for falsely
high and falsely low absolute values observed in cases of
increased or decreased total transferrin concentrations (23).

This publication covers the continuing CDT standardiza-
tion activities of the WG-CDT, including the establishment
of a network of reference laboratories and evaluation of can-
didate reference materials. The results of a ring trial and a
proposed strategy for calibration of CDT methods are also
presented.

Establishment of a network of CDT reference
laboratories

Based on the WG-CDT recommendation for HPLC as the
analytical principle for a candidate reference measurement
procedure (5), the organization of a network of reference
laboratories using the proposed HPLC method (11) was
initiated. The network laboratories are intended to establish
target values for calibrator materials that can be used for
preparation of CDT controls and external quality assurance
(EQA) materials that can be applied with the different rou-
tine methods. At present, there are five CDT network labo-
ratories; four located in European countries (in France, in
The Netherlands, and two in Sweden) and one in the USA.
For reason of independence, the network does not involve
diagnostic companies.

CDT analysis by the HPLC candidate reference measure-
ment method is done according to a published procedure
(11). In this method, pre-treatment of the serum sample
includes iron-saturation with FeNTA and precipitation of
lipoproteins, followed by chromatographic separation of the
transferrin glycoforms with an anion-exchange column
(SOURCE 15 Q, GE Healthcare) using salt gradient elution.
Quantification of individual glycoforms is performed by
monitoring the absorbance of the transferrin-iron complex at
470 nm. The method uses baseline integration for all peaks
from asialo- until hexasialotransferrin, because the results
obtained in this manner are less sensitive to variations in
peak resolution. In accordance with the WG-CDT recom-
mendation (5), disialotransferrin is the single measurand and
the amount is calculated as the relative amount (%) to total
transferrin based on peak areas. In the event that asialotrans-
ferrin is detected, it is also included in the total transferrin
peak area. To ensure robust performance, in addition to pub-
lished information, an extended standard operating procedure
and a technical maintenance appendix have been delivered
to the network laboratories.

To verify that the disialotransferrin results originating from
the network laboratories show acceptable and reproducible
agreement, an intercomparison study was initiated. Starting
in 2007 and proceeding until the beginning of 2010, five
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trials have been conducted, involving different sets of ready-
for-use and lyophilized serum materials. Some high-CDT
specimens have been native serum collected from heavy
drinkers and some were control serum spiked with isolated
disialotransferrin (3). All analyses were performed in blinded
fashion and the results returned blinded for evaluation. Start-
ing with the second ring trial in 2009, the distribution of
samples and review of results has been performed by the
WG-CDT network coordinator. The serum samples used
within this part of the CDT standardization work are pools
prepared from deidentified leftover serum from routine
samples, as approved by the Local Ethics Committee.

To further improve harmonization of disialotransferrin
measurements between the network laboratories, copies of
HPLC chromatograms have been returned for fine-tuning of
peak integration and, in cases where it was indicated not to
be optimal, individual feedback. Variability in defining the
start and end of small peaks can make a significant difference
for minor glycoforms, such as disialotransferrin. The CDT
network laboratories use automated integration settings fol-
lowed by visual checks and, if required, manual re-integra-
tion according to the standard procedures for clinical
samples.

The results of the intercomparison study with the network
laboratories are shown in Table 1. As expected, imprecision
depended on the CDT concentration in the sample with the
highest coefficient of variation (CV) obtained at low CDT
concentrations, and vice versa. Nevertheless, the interlabo-
ratory CV has been gradually improving during the course
of the quality control scheme (Figure 1). At concentrations
near and above the upper limit of the reference interval for
the HPLC candidate reference method (the mean+2 SD is
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Figure 1 Box-and-Whisker plots of mean values from a CDT
network laboratory intercomparison study for ready-for-use and
lyophilized serum materials with low, intermediate and high disi-
alotransferrin concentrations according to the HPLC candidate
reference measurement procedure.

The Box-and-Whisker plot shows the 25th—75th percentile (box),
the median (horizontal line in box), range, and outside values. Filled
symbols represent the results obtained in the last two intercompar-
ison trials.

approx. 1.7% disialotransferrin) (11, 31), the CV has typi-
cally been <5%. This implies that the network laboratories
are able to assign values for CDT reference materials with
an analytical uncertainty <0.1% disialotransferrin near the
upper level of the reference interval. However, based on the
results of the 2009-2 network intercomparison (Table 1),
which comprised one native serum pool and three lyophili-
zed preparations (i.e., essentially four identical samples), the
intra-laboratory CV (range 1.0%-2.4%) was lower than the
interlaboratory CV (3.2%—-4.2%), demonstrating that there is
still some room for further improvement.

Commutability and stability of CDT candidate
reference materials

One important issue within the CDT standardization activi-
ties is to establish procedures for the production and distri-
bution of reference materials for the selected analyte. A
reference material should be suitable for use with any meas-
urement procedure and stable when stored. The commuta-
bility of three lyophilized CDT candidate reference materials
prepared from the same native human serum pool with a
disialotransferrin concentration of approximately 2.4%
(Material 1: the serum was frozen at —80°C followed by
conventional lyophilization for 2 days at 5°C; Material 2: the
serum was added with a patented cryo-/lyoprotectant CLP
No. 5 to prevent denaturation of protein, frozen at —80°C
and lyophilized for 3 days at 20°C; Material 3: the serum
was delipidized with dextran to prevent turbidity, frozen at
—80°C and lyophilized for 2 days at 5°C; the materials were
prepared by the network coordinator according to in-house
procedures) were evaluated in a ring trial (2009-2), includ-
ing the network laboratories. In addition, 66 laboratories par-
ticipating in the Swedish EQUALIS (n=52) and the Dutch
SKML (n=14) EQA schemes for CDT and six in-house lab-
oratories of the CDT manufacturer’s taking part in the stan-
dardization work were also included. In this way, all current
routine methods for CDT measurement were covered.
There was no evidence for marked differences in CDT
results between the ready-for-use serum and three lyophilized
materials with any of the methods. The interlaboratory CV
(based on single measurements) for the EQA participants
ranged from 3.6% to 4.4% (n=18) for the non-commercial
HPLC methods [i.e., methods based on (6, 11)], 5.0%—7.7%
(n=11) for the Bio-Rad %CDT by HPLC assays,
2.4%-5.7% (n=35) for Capillarys CE (Sebia), 3.7%-5.8%
(n=3) for CEofix CE (Analis), and from 5.6% to 6.4%
(n=26) for the N Latex CDT immunoassay (Siemens). Sta-
tistically significant differences in results between the native
and lyophilized materials were only noted for N Latex CDT.
Compared with the ready-for-use serum, the conventionally
lyophilized serum (Material 1; Figure 2A) yielded slightly
higher N Latex CDT values (p <0.05), while serum lyophi-
lized following delipidation (Material 3; Figure 2C) gave
slightly lower values (p<0.05). These effects were more
noticeable when the results for these two materials were plot-
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Figure 2 CDT results (% CDT or %disialotransferrin) for three lyophilized CDT candidate reference materials (Material 1, serum with
conventional lyophilization; Material 2, serum lyophilized with a cryo-/lyoprotectant to prevent denaturation of protein; Material 3, serum
lyophilized after delipidation to prevent turbidity) plotted against the results with the original native human serum sample.

For the N Latex CDT immunoassay, there was a statistically significant (p <0.05) positive bias for Material 1 (A), and a significant (p <0.05)
negative bias for Material 3 (C). This effect is further highlighted in graph D. Only Material 2 was found to be commutable (B). It should
be noted that the various assay procedures produce different values for %CDT or %disialotransferrin, with the N Latex CDT method
producing higher values and the Capillarys CE method producing lower values than the HPLC candidate reference and other methods. The
results for one in-house CE method and one using the Recipe HPLC kit were not included. Each symbol represents the result for one

laboratory. The Passing-Bablok regression equations are given.

ted separately (Figure 2D). Based on these results, only the
serum lyophilized with a cryo-/lyoprotectant to prevent pro-
tein denaturation (Material 2) was indicated to be commut-
able, the slope of the regression line was one with a minimal
intercept (Figure 2B).

An interesting observation from the EQA study was that
the results measured in-house by the CDT manufacturers
sometimes differed considerably from the corresponding
results reported by their customers. The results from both CE
methods showed good overall agreement, but the Bio-Rad
manufacturer’s laboratory obtained a 6% higher HPLC value
compared with the average for their customers. For the N
Latex CDT immunoassay, the in-house value from Siemens
was 17% lower. These observations highlight the value of
diagnostic assay manufacturers taking part in EQA programs,
and the need to confirm that customers perform their
methods according to the instructions.

To examine the long-term stability of the three lyophilized
CDT candidate reference materials, the material was stored
at various temperatures and analysed periodically with the
HPLC candidate reference measurement procedure, the

Capillarys CE assay, and the N Latex CDT immunoassay.
Measurements were performed blinded and comparisons
were made with the results obtained with the original serum
sample stored frozen, where CDT is known to be stable (11,
32). After storage for 3 months, all materials were shown to
be stable at —84°C with all three methods (Table 2). Using
the N Latex CDT, there was no indication of decreased
results under any storage condition. However, the HPLC
method gave slightly lower results (89% and 93%, respec-
tively, of values for frozen serum) compared with the con-
ventionally lyophilized Material 1, and the material
lyophilized after delipidation (Material 3) when stored at
room temperature (20°C). With the Capillarys CE assay, all
lyophilized materials produced lower values when stored at
20°C, and this was also seen at 4°C for Material 1 which
was lyophilized conventionally. These results indicate that
lyophilization of serum with a cryo-/lyoprotectant to prevent
protein denaturation (Material 2) is the best method for pro-
duction of a commutable and stable CDT secondary refer-
ence material. The stability assays will be repeated following
storage for 6, 12, 24 and 36 months.
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Table 2 Stability of three lyophilized CDT candidate reference materials after storage for 3 months at different temperatures®.

Specimen Storage CDT (% of values for serum stored at —84°C)
temperature, - B
°c N Latex Capillarys HPLC candidate
CDT CE reference measurement
(Siemens) (Sebia) procedure
Original serum -84 100° 100 100
=20 105 100 100
Lyophilized Material 1: Serum with -84 100 100 100
conventional lyophilization -20 97 103 99
4 102 85 99
20 101 79 89
Lyophilized Material 2: Serum -84 100 100 100
lyophilized with a cryo- -20 98 100 102
/lyoprotectant against denaturation 4 99 100 98
20 100 88 102
Lyophilized Material 3: Serum -84 100 100 100
lyophilized after delipidation -20 98 94 98
4 98 94 97
20 98 79 93

aMeasurements were performed at Meander Medical Center, Amersfoort, The Netherlands. "Results are mean values of duplicate

determinations.

A proposed strategy for calibration of different
CDT assays

In accordance with many previous observations, CDT values
generated by different analytical procedures, and sometimes
also for assays using the same technology, are not inter-
changeable. However, the aim of the standardization work is
that different methods should produce comparable results,
emphasizing the importance of having access to reference
materials. Standardization would be achieved if all measure-
ment procedures were linked to a commutable calibrator with

CDT values
without calibration
(CV 18.9%)
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an assigned, traceable CDT or, rather, disialotransferrin
value.

To simulate such an approach, a preliminary one-point cal-
ibration was done for the results of the EQA ring trial. The
calculations were based on nominal disialotransferrin values
assigned by the network laboratories for the native serum
and the candidate reference Material 2 which was lyophilized
with a cryo-/lyoprotectant to prevent denaturation of protein.
The observed results and those obtained following virtual
calibration (Figure 3) demonstrated that the interassay and
interlaboratory CV was reduced considerably, producing

CDT values

after calibration

(CV 5.5%)

E N Latex COT
W HPLC in-house
EIHPLC Bio-Rad
[JHPLC Recipe
CE CEofix

CE Capillarys

Figure 3 Observed results for CDT or disialotransferrin by different methods originating from 64 laboratories participating in the EQA
programs (left), and the corresponding values after a one-point virtual calibration based on the relationship between observed and nominal
values for the commutable Material 2 [i.€., sSample pserved vatue X (CalIDrator,gencd varue/Calibrator,pserved vatue) -

Each square represents the result from one laboratory.
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more comparable results due to the elimination of systematic
differences between methods. During routine use, the cali-
bration curve needs to include several levels of a commut-
able and traceable calibrator, not only to comply with official
guidelines, but also due to non-linear correlation and devi-
ating CDT concentrations between some methods (15-17).

Conclusions

The first publication of the IFCC Working Group on CDT
standardization was devoted to defining the measurand and
proposing a candidate reference method. In this second pub-
lication, further standardization activities are presented,
including the establishment of an international network of
reference laboratories using the HPLC candidate reference
measurement procedure and evaluation of candidate second-
ary reference materials. The network laboratories demon-
strated good and reproducible performance with no outliers.
Thus, their results can be used to assign target values for
calibrators and controls. A candidate secondary reference
material based on native human serum lyophilized with a
cryo-/lyoprotectant to prevent denaturation of protein was
demonstrated to be commutable and stable on storage. A
preliminary strategy for calibration of different CDT meth-
ods was also presented, based on the results from laboratories
participating in EQA programs. The logistics for distribution
of reference materials and collection and review of the results
by the network coordinator were found to be functional, indi-
cating that the tools for a full CDT reference system may
soon be available.

Remaining issues of the CDT standardization work
include focus on the development of a traceable primary
reference material (3), and for an approved CDT reference
measurement procedure. It might also be necessary to adjust
the unit from percentage to an SI unit. Finally, the WG-CDT
will make recommendations for the clinical and forensic use
of the test.
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