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The present invention provides a method for the determi-
nation of carbohydrate-free transferrin in a body fluid for use
in the assessment of alcohol consumption, the method
comprising (a) contacting a sample of the body fluid with a
carbohydrate-binding ligand, to bind any carbohydrate or
carbohydrate-containing moieties in the sample to the
ligand; (b) separating a fraction not binding to the ligand;
and (c) determining the content of transferrin in the fraction.
Also provided are kits for carrying out such a method.
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ASSAY FOR CARBOHYDRATE-FREE
TRANSFERRIN

[0001] This invention relates to an assay method for
assessing carbohydrate free transferrin (CFT) for the diag-
nosis and monitoring of alcoholism, and to kits and appa-
ratus for performing the assay.

[0002] Many biological proteins exist in two or more
variant forms, frequently differing in the extent of glycosy-
lation of the protein or in the carbohydrate composition per
se. The relative concentrations of such variants in a given
body tissue or fluid are generally constant, but may be
disturbed in certain diseases or pathological states, or as a
result of other disturbances to the body. The ratio, for
example, of glycosylated to non-glycosylated haemoglobins
is known to increase in the serum of patents suffering from
diabetes. Similarly, some structural proteins for example,
myoglobins, may have slight structural differences in dif-
ferent organs and may be released into the bloodstream
following cell damage resulting from disease or injury.

[0003] Thus, by measuring the levels of the different
variants of a protein in the blood or body fluid of interest, a
diagnosis or assessment of a disease or cellular damage can
be made.

[0004] Serum transferrin is a glycoprotein with a molecu-
lar weight of about 80 kD which comprises a single polypep-
tide chain with two N-linked polysaccharide chains. These
polysaccharide chains are branched and each chain may
terminate in either two or three antennae, cach with terminal
sialic acid residues.

[0005] Wong and Regoeczi, in Int. J. Peptide Res. (1977)
9:241-248, reported that human transferrin was naturally
heterogeneous, occurring in variant forms with different
levels of sialylation. Until recently, there were generally
believed to be six such variants, the pentasialo, tetrasialo,
trisialo, disialo, monosialo and asialo transferrins. The exist-
ence of the monosialo form is now disputed by some
rescarchers.

[0006] The asialo, monosialo, disialo and trisialo variants
are often referred to collectively within the field as carbo-
hydrate-deficient transferrin or CDT.

[0007] In the normal healthy individual, the tetrasialo
variant appears to predominate; however it has been
reported that the asialo, monosialo, disialo and, to some
degree the trisialo variants, ie. CDT, occur in elevated levels
in the blood of alcoholics (see van Eijk et al. (1983) Clin
Chim Acta 132:167-171, Stibler (1991)Chin Chim 37:2029-
2037 and Stibler et al. in “Carbohydrate-deficient transferrin
(CDT) in serum as a marker of high alcohol consumption”,
Advances in the Biosciences, (Ed Nordmann et al), Perga-
mon, 1988, Vol. 71, pages 353-357).

[0008] CDT has been shown to be an effective marker
for—alcohol consumption, in particular for detecting and
monitoring chronic alcohol consumption. Monitoring of
blood alcohol level is reliable only when blood is sampled
within 24 hours of alcohol consumption and conventional
tests (for example, quantitation of y-glutatyltransferase or
measurement of mean corpuscular volume) cannot reliably
be used to screen for heavy alcohol intake in patients with
liver disease.
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[0009] Early investigations showed that loss of the sialic
acid residues correlated with changes in the isoelectric point
(pD) of the transferrin molecules, for example, asialotrans-
ferrin exhibits a pl of 5.9, disialotransferrin exhibits a pl of
5.7 and so on. Recognition of the fact that the CDT profile
of alcohol abusers differs from that of abstainers or normal
users, combined with the identification of the relative
amounts of each CDT isoform on the basis of pl, has led to
the development of several diagnostic assays for CDT which
are described in the patent and scientific literature.

[0010] InU.S. Pat. No.4,626,355 (Joustra), Pharmacia AB
disclose a chromatographic assay in which a dilute serum
sample is passed over an anionic ion exchange column with
the pH and ion content of column and sample balanced to
permit asialo, monosialo and disialo CDTs to. be eluted in an
isocratic procedure, while the trisialo and the “normal” tetra
and pentasialo variants are retained on the column. The CDT
content of the eluate is then determined by competitive
immobilization of CDT and radiolabelled-transferrin on an
antibody carrying solid phase. In a later modification of this
procedure, CDT isoforms of a pl greater than 5.7 are
collected and quantified.

[0011] In a poster entitled “Rate nephelemetric determi-
nation of carbohydrate-deficient transferrin”, Schellenberg,
Martin, Benard, Circaud and Weill of Laboratoire de Bio-
chimie CHU Trouseau, Tours, Centre Louis Sevestre, La
Membrolle sur Choisille and Beckman France, Gagny,
France, described a similar isocratic chromatographic sepa-
ration in which dilute serum is passed through an anionic ion
exchange column, causing the normal transferrin variants to
be retained and allowing CDT to elute through. The eluate
is then mixed with polyethyleneglycol and centrifuged, an
anti-transferrin antibody is added to the supernatant and the
CDT content is assessed by nephelometry.

[0012] Heil et al(1994) Anaesthetist 43:447-453 have
reported a further isocratic chromatographic procedure for
CDT determination. In their procedure, a dilute serum
sample is passed through an anionic ion exchange resin,
again causing normal transferrin variants to be retained,
while permitting transit of CDT. The CDT content of the
eluate is determined by latex-particle enhancement of CDT
concentration in an immunoturbidi-metric assay procedure.

[0013] A further detection system for CDT was disclosed
by AXIS Rescarch AS in W091/19983 (Sundrehagen)
wherein labelled antibodies reactive with all transferrin
variants, were bound to the variants forming antibody-
analyte complexes. These complexes were subjected to
fractionation on the basis of differences in charge or pl, for
example by isoelectric or by chromato-focusing, and then
the amount of label in each fraction was quantified, for
example, by fluorescence measurement. This assay relies
upon the elution rates being different for the different
variant:labelled antibody complexes.

[0014] In WO96/26444 (Sundrehagen), AXIS Biochemi-
cals AS disclose yet another method for assessing CDT
based on the differences in pl which exist between the
different variants. In this method, transferrin containing
samples are contacted with an anion ion exchange resin at a
pH such as to cause all the CDT variants to be retained. An
eluant is then applied to elute the CDT from the column. The
CDT collected in this way is substantially free from “nor-
mal” tetra and pentasialo transferrin. The CDT collected is
then analysed and the variants therein are quantified.
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[0015] It has recently been reported by Dumon et al.
(1996) Clin. Biochem. 29(6): 549-553, that of the different
CDT variants, the most informative from a diagnostic and
assessment point of view, is disialo transferrin and an assay
based on isoelectric focussing and imuunofixation of disia-
lotransferrin is proposed.

[0016] All such prior art methods for CDT analysis rely on
differences in the pl or charge of the different transferrin
isoforms. Whilst such assays have found utility and indeed
some commercial success, in determination of alcohol con-
sumption, they tend to rely upon relatively complex proce-
dures which are not directly applicable to many of the
automated multi-task diagnostic machines commonly used
by diagnostic laboratories, or else they may be time con-
suming or costly to perform.

[0017] In particular, the pl or charge based methods of the
prior art are primarily centred on procedures involving ion
exchange chromatography. The difference in pI between the
different transferrin variants is very narrow, down to %o of
a pH unit and therefore to effect separation of CDT variants,
a very good separation is required. In the case of ion
exchange chromatography, this constraint effectively means
that a column format must be used; batch filtration-based ion
exchange procedures do not provide a sufficient separation
or resolution. Column formats are however less preferred in
clinical chemistry or diagnostic procedures, due to their time
consuming and labour intensive operation, problems of
storage and transport, incompatibility with commonly-used
systems etc.

[0018] There is therefore a continuing need for a CDT
assay which is robust, simple and quick to perform and
readily amenable to automation or compatible with existing
routine clinical diagnostic laboratory procedures. The
present invention seeks to address this need.

[0019] Traditionally, it has been thought that CDT arises
from a loss of the terminal sialic acid residues of the
carbohydrate side chains and it is upon this that the various
prior art pl or charge based assays have been predicated
(namely, that a loss of a charged sugar moiety would alter
the charge and pH of the isoform as a whole).

[0020] However, recent studies (for example by Landberg
et al. (1995) Biochem. Biophys. Res. Comm. 210(2): 267-
274), have shown, by releasing the N-glycans from each
isoform of transferrin and analysing them by high-pH anion
exchange chromatography, that contrary to this understand-
ing, the existence of disialo and asialo-transferrins appears
rather to be correlated with the loss of one or both of the
entire carbohydrate chains respectively from the transferrin
polypeptide. This “deglycosylation” is not yet fully under-
stood.

[0021] The carbohydrate chains may be bi or triantennary
and hence each carbohydrate chain in its. normal state will
carry two or three sialic acid residues, one at the terminus of
each antenna. It may be that the carbohydrate chains are
cleaved from the transferrin molecules at their base in a
single step process, i.e. at an asparagine molecule in the
amino-acid backbone of the protein, leaving no sugar resi-
dues at that particular glycosylation site. Alternatively, indi-
vidual or multiple sugar residues may be sequentially lost
from transferrin molecules resulting in a gradual loss of
carbohydrate content. It is also possible that the CDT
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transferrin molecules are never properly glycosylated in the
first place due to aberrant enzymatic glycosylation pro-
cesses.

[0022] To date, the prior art has favoured the idea that
either measurement of all of the CDT variants ie. asialo,
monosialo, disialo and trisialo transferrin, or at least two or
more CDT variants was necessary to make a meaningful
clinical evaluation, or that measurement of the disialotrans-
ferrin on its own was necessary.

[0023] The recent patent application W095/04932 of Bio-
lin Medical identified the asialo, monosialo and disialotrans-
ferrins collectively, as markers for alcoholism and Heggli et
al. (1996) Alcohol and Alcoholism 31: 381-384 found that
by including trisialotransferrin in the measurements of %
CDT, the accuracy with which chronically elevated alcohol
intake could be determined was increased.

[0024] We have now found that the presence of transferrin
isoforms which are completely devoid of carbohydrate ie.
carbohydrate free transferrin CFT is a strong indicator of
alcoholism in the absence of any knowledge of the preva-
lence of any other CDT variants (ie. monosialo, disialo or
trisialotransferrin variants).

[0025] Tt has surprisingly been shown that measurement of
all CDT variants ie. asialo, monosialo, disialo and trisialo-
transferrin, is unnecessary for a clinically valuable assess-
ment of alcoholism and that determination of carbohydrate-
free transferrin or CFT is sufficient.

[0026] Thus, according to one aspect, the present inven-
tion provides a method for the determination of carbohy-
drate-free transferrin in a body fluid for use in the assess-
ment of alcohol consumption, said method comprising

[0027] (a) contacting a sample of said body fluid with a
carbohydrate-binding ligand, to bind any carbohydrate or
carbohydrate-containing moieties in said sample to said
ligand,

[0028] (b) separating a fraction not binding to said ligand
and

[0029] (c) determining the content of transferrin in said
fraction.

[0030] By “carbohydrate-free” is meant any transferrin

molecule which has lost both of its carbohydrate side chains
and is substantially free of any residual N-linked oligosac-
charide moieties. Substantial absence of carbohydrate may
be determined inter alia by lack of any detectable binding to
lectins, or other carbohydrate binding proteins, for example,
to RCA-I (Ricinus communis agglutinin) or combinations of
RCA-I with sialic acid binding lectins. Generally speaking,
transferrin preparations in which at least 60% or, more
preferably, at least 70 or 80% of the transferrin molecules do
not carry a carbohydrate chain or a residue thereof may be
regarded as CFT. A CFT preparation may for example
comprise 90 or 95% transferrin molecules which do not
carry a carbohydrate chain or a residue thereof.

[0031] The body fluid used in the assay method of the
invention may be any transferrin-containing body fluid for
example, synovial fluid, amniotic fluid or cerebrospinal
fluid, but will generally be blood or a blood derived sample.
When this is the case, the sample used for analysis will
preferably be cell-free and hence, either serum or plasma
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may be used. The sample may be treated prior to being used
in the assay method of the invention, for example, it may be
diluted by adding a buffer or other aqueous medium.

[0032] In carrying out the method of the invention, the
sample is essentially separated into one or more fractions
which bind to the carbohydrate-binding ligand and a fraction
which does not. This “non-binding” fraction may thus be
regarded as substantially free of carbohydrate (ie. at least
60% of the transferrin molecules being free of carbohydrate,
eg. at least 70, 80, 90 or 95% being free of carbohydrate).

[0033] In this regard, it will be understood Dy the skilled
reader that the nature of scientific and analytical laboratory
procedures and biological material is such that absolute
precision and uniformity of behaviour can never be guar-
anteed and that 100% separation may not always be
achieved. In any such system some tolerance must be
allowed for and this is a principle accepted in the art. In the
separation system of the present invention clinical utility
may be preserved even though separation may not be 100%
complete.

[0034] Any transferrin contained in this substantially car-
bohydrate-free fraction will thus be CFT, and an assessment
or determination of the transferrin content of this fraction
will provide an assessment or determination of the CFT
content of the sample.

[0035] The assay method of the invention thus provides a
convenient method for the determination of alcohol con-
sumption by assaying CFT in a body fluid, preferably a
blood-derived body fluid, and may particularly find utility in
the diagnosis and monitoring of alcoholism or alcohol
abuse.

[0036] As mentioned above, CFT has been shown accord-
ing to the present invention, to be a good indicator or marker
for alcoholism or alcohol abuse, and by assaying the CFT
content in samples of body fluid, a distinction may be found
between alcoholics and alcohol abusers and non-alcohol
abusers or social drinkers.

[0037] Asused herein, the terms “determining” or “assess-
ing” include both quantitation in the sense of obtaining an
absolute value for the amount or concentration of CFT in the
sample, and also semi-quantitative and qualitative assess-
ments or determinations. An index, ratio, percentage or
similar indication of the level or amount of CFT, for example
relative to total transferrin (ie. all transferrin variants) may
be obtained.

[0038] The amount of CFT may be determined directly by
measuring the transferrin not bound by the carbohydrate
binding ligand ie. by determining the transferrin content in
the “carbohydrate free”™non-binding” fraction which is
separated. Alternatively it may be determined indirectly by
determining the amount of transferrin bound to a carbohy-
drate binding ligand and subtracting this from the total
amount of transferrin present in the sample. Generally, the
direct approach is preferred.

[0039] Any carbohydrate-binding ligand or any combina-
tion thereof may be used to separate the CFT from other
transferrin variants. This includes any ligand capable of
binding to any carbohydrate or oligosaccharide or sugar
structures. One or more carbohydrate-binding ligands may
be used in the method of the invention. Generally, the

Oct. 27, 2005

carbohydrate-binding ligand will be a protein, and very
many such carbohydrate-binding proteins are known in the
art and are widely described in the literature. The carbohy-
drate-binding protein may, for example, be an antibody,
either polyclonal or monoclonal, or may be an antibody
fragment for example F(ab), F(ab"), or F(v) fragments. The
antibodies or antibody fragments may be monovalent or
divalent and they may be produced by hybridoma technol-
ogy or be of synthetic origin, via recombinant DNA tech-
nology or chemical synthesis. Single chain antibodies could
for example be used. The antibody may be directed or raised
against any of the carbohydrate components or structures
making up the carbohydrate chains of glycosylated trans-
ferrin variants. Thus, for example, an antibody reactive with
or selective for sialic acid residues might be used. Such an
antibody is used in the Sialic Acid Deficient Enzyme Immu-
noassay (SDT-EIA) available from Medichem, Stuttgart,
Germany and described in W097/19355.

[0040] More preferably, the carbohydrate-binding protein
may be a lectin, used singularly or in combination with other
lectins or with other types of carbohydrate-binding proteins,
for example, antibodies. Any lectin known in the art may be
used in the assay method of the invention and it may be of
plant, animal, microbiological or any other origin. The
literature is replete with references to different lectins which
might be used, and many may be obtained commercially, for
example, from Sigma.

[0041] Thus, included within the general term “lectin” as
used herein, in addition to the classical plant lectins such as
Concanavalin A (Con A), are carbohydrate binding proteins
from microorganisms (for example, viral haemagglutinins)
and higher organisms, including for example, invertebrates
and mammals. Such mammalian carbohydrate binding pro-
teins include selectins and other mammalian lectins or cell
adhesion molecules (see for example Varki (1992) Current
Opinion in Cell Biology 4:257-266).

[0042] The functional requirement of the carbohydrate
binding ligands, rendering them suitable for use in the assay
method of the present invention, is that they be capable of
separating CFT from other transferrin variants bearing one
or both oligosaccharide chains, in an entire or degraded
form.

[0043] Whilst a single type of carbohydrate-binding
ligand may be used according to the invention, conveniently
more than one such binding ligand may be used and even
more conveniently, a number of different carbohydrate bind-
ing ligands, each with differing sugar or oligosaccharide
binding capacities. Thus, in one preferred embodiment, a
panel of different ligands with differing selectivity and
specificity is used.

[0044] Combinations of different carbohydrate ligands are
preferred due to the increased binding capacity which may
be provided by two or more ligands and hence better
separation of the transferrin isoforms. Many carbohydrate
binding ligands for example, lectins, have low binding
affinities for their sugar or oligosaccharide binding partners
and the synergistic binding capacity provided by more than
one ligand is advantageous.

[0045] Examples of suitable lectins are RCA-I (Ricinus
communis agglutinin) which binds terminal galactose
(Kornfeld et al (1981) J. Biol. Chem. 256:6633) or Con-A
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(Concanavalin A), which is known to bind asparagine-linked
oligosaccharides high in mannose. Other possibilities are
Crotalaria juncea lectin which binds galactose residues
(Ersson (1977) Biochim. Biophys. Acta 494:51-60), Wheat-
germ agglutinin or Limulus polyphenus lectin which bind
sialic acid (Mandal and Mandal(1990) Experientia 46:433-
441) or Sambucus nigra agglutinin L. which binds Neu5Ac/
(5¢2-6)Gal/GalNAc (Shibuya et al. (1987) J. Biol. Chem.
262:1596). As an example of a lectin derived from a
micro-organism, a sialic acid specific lectin has recently
been purified from the gut dwelling organism Helicobacter
pvlori (Lelwala-Guruge et al. (1993) APMIS 101:695-702).

[0046] Lectins of varying selectivity and specificity are
known. Whereas some lectins may bind to a single sugar
residue in a particular location on an oligosaccharide chain,
for example RCA-I (from Ricinus communis) binds only to
terminal galactose residues, some may bind to complex
oligosaccharide determinants for example Sambucus nigra L
which binds Neu5Ac/(x2-6)Gal/GalNAc. All are within the
scope of the present invention.

[0047] Sialic acid binding lectins and other proteins rep-
resent a class of carbohydrate binding proteins of particular
utility in the present invention (see the following, for
example, for lists of suitable lectins and their sources:
Mandal and Mandal(1990) Experientia 46:433-441); Zeng
(1992) Z. Naturforsch, 47¢:641-653 and Reuter and Schauer
in Methods in Enzymology, Vol. 230, Chapter 10 at pages
196-198).

[0048] Particular mention may be made in this regard of
Sambucus nigra L. Lectin, Sambucus sielbodiana lectin
wheatgerm agglutinin, Maackia amurensis lectin, and E. coli
K99 lectin. S. nigra L. lectin is particularly effective when
used on its own, although it may equally effectively be used
in combination with other lectins eg. ConA.

[0049] Some particular combinations of carbohydrate
binding ligands useful for performance of the present inven-
tion-are lectins from Helicobacter pylori and Ricinus com-
munis;, lectins from Ricinus communis and Sambuccus
nigra; lectins from Crotalaria junctae and Sambuccus nigra,
lectins from Crotalaria junctae and Helicobacter pylori and
lectins from Ricinus communis and anti-sialic acid antibod-
ies. The most preferred of the combinations are those which
incorporate galactose-binding and sialic acid-binding
ligands.

[0050] Preferably, lectins which bind to the mono- and
oligosaccharide arrangements of the transferrin carbohy-
drate side chains with a kD of 10* or greater are used.
Lectins with a lower binding affinity may also be used, but
preferably at a higher density.

[0051] When the body fluid comprising transferrin vari-
ants is contacted with the carbohydrate-binding ligands,
substantially all of the variants with carbohydrate side
chains or remnants thereof are retained by the carbohydrate-
binding ligands and only the carbohydrate-free transferrin is
not bound to the ligands. The unbound, carbohydrate-free
transferrin containing fraction (ie. the substantially carbo-
hydrate-free fraction) may then be separated from the other
variants and collected by any suitable means.

[0052] Inits most general sense, the method of the inven-
tion involves simply contacting the sample with the carbo-
hydrate-binding ligand(s) and separating a fraction which
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does not bind. Where more than one ligand is being used,
these may be used together or they may be used individually,
for example, sequentially. Following the binding step(s) a
fraction may conveniently be collected which does not bind
and which contains the CFT. As mentioned above, the
collection may be by any suitable means, for example,
precipitation, centrifugation, filtration, chromatographic
methods etc. Where different carbohydrate-binding ligands
are used individually, different separation/collection formats
may be used for each individual binding step.

[0053] Precipitation of carbohydrate-containing moieties
in the sample may be achieved using lectins having known
“precipitation” properties ie. lectins capable of inducing
precipitation of the moieties to which they bind. Combina-
tions of lectins may advantageously be used for such a
precipitation procedure, since differing lectin specificities
increase the number of available binding sites. The non-
binding (“carbohydrate-free”) fraction may then readily be
collected, for example by centrifugation or filtration to
separate the precipitate.

[0054] In alternative embodiments, the carbohydrate bind-
ing ligand(s) may conveniently be immobilised to facilitate
the separation and collection of the carbohydrate-free, non-
binding fraction. It is well known in the art to immobilise
carbohydrate-binding ligands such as lectins for separation
purposes, for example, in chromatographic columns, and
any lectin affinity chromatography method known in the art
could for example be used (see for example, Cummings
(1994) Methods in Enzymology 230:66-86).

[0055] The carbohydrate-binding ligands may be immo-
bilised by binding or coupling to any of the well known solid
supports or matrices which are currently widely used or
proposed for immobilisation or separation etc. These may
take the form of particles, sheets, gels, filters, membranes,
fibres or capillaries or microtitre strips, tubes or plates or
wells etc and conveniently may be made of glass, silica,
latex or a polymeric material. Techniques for binding the
ligand to the solid support are also extremely well known
and widely described in the literature. For example, the
carbohydrate-binding ligands used may conveniently be
coupled covalently to CNBr-activated Sepharose or N-hy-
droxysuccinimide-activated supports, optionally in the pres-
ence of low molecular weight haptens to protect the carbo-
hydrate binding sites on the ligand. Other coupling methods
for proteins are also well known in the art.

[0056] Batch separations using immobilised carbohy-
drate-binding ligands may be performed using a range of
different formats which are known in the art.

[0057] In a different embodiment, although this is less
preferred, the immobilised carbohydrate-binding ligands
may be packed or arranged into a column. The body fluid
comprising transferrin may be applied to the column and the
transferrin variants therein contacted with the carbohydrate-
binding ligands. The unbound fraction comprising CFT is
separated from the bound fraction and collected.

[0058] The shape and geometry of such a column may
vary depending upon the carbohydrate-binding ligands used.
For example, if lectins are used as the carbohydrate-binding
ligands, at low lectin concentrations a long, thin column of
immobilized lectins is preferred. At high lectin concentra-
tions, column geometry is less crucial.
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[0059] Columns may be constructed using any method
known in the art. If lectins are to be used as the carbohy-
drate-binding ligands, the columns may be constructed in
either glass tubes or preferably in disposable plastic pipettes
of any desired capacity. Smaller volumes may however be
preferred due to economic considerations. Columns are
preferably stored at around 4° C. prior to use.

[0060] The column may be flushed through with an eluant
to allow or facilitate collection of the unbound fraction, in
which case the eluant should preferably be administered
using a calibrated micropipette to ensure the correct volume
is administered. The volume administered is preferably
within 3% of the desired (ie. calibration) volume, more
preferably, within 1 or 2%. Since the rate of binding to
oligosaccharides is comparatively slow, especially with
plant lectins, it is preferable that slow flow rates are
employed to maximise lectin/carbohydrate interactions. The
cluant will generally be at a temperature within 5° C. of the
desired (calibration) value, e.g. 25° C., and more preferably
within 1° C.

[0061] When using combinations of carbohydrate-binding
ligands in a column format, either sequential columns using
different ligands may be used or different ligands may be
used in the same column material, either as a mixture or in
a column comprising different layers, each layer having a
different ligand.

[0062] In an alternative embodiment, the carbohydrate-
binding ligand may be immobilised on a particulate solid
phase, for example, latex, silica or polymer beads. To aid
manipulation and separation, magnetic beads may be used.
The term “magnetic” as used herein means that the support
is capable of having a magnetic moment imparted to it when
placed in a magnetic field. In other words, a support com-
prising magnetic particles may readily be removed by mag-
netic aggregation, which provides a quick, simple and
efficient way of separating the fractions following the car-
bohydrate binding step.

[0063] Thus, using the method of the invention, the mag-
netic particles with carbohydrate or carbohydrate-containing
moieties attached may be removed onto a suitable surface by
application of a magnetic field, for example, using a per-
manent magnet. It is usually sufficient to apply a magnet to
the side of the vessel containing the sample mixture to
aggregate the particles to the wall of the vessel and to collect
the remainder of the sample, which will comprise the
“non-binding, CFT-containing fraction” which may be
returned for subsequent analysis.

[0064] Especially preferred are superparamagnetic par-
ticles, which include for example those described by Sintef
in EP-A-106873, as magnetic aggregation and clumping of
the particles during the reaction can be avoided. Magnetic
particles are commercially available from a number of
sources, including for example, Advanced Magnetics Inc.,
(USA), Amersham (UK), Bang Particles (USA), and Dynal
AS (Oslo, Norway).

[0065] Functionalised coated particles for use in the
present invention may be prepared by modification of the
beads, for example according to U.S. Pat. Nos. 4,336,173,
4,459,378 and 4,654,267. Thus, beads, or other supports,
may be prepared having different types of functionalised
surface, for attachment of a desired carbohydrate-binding
ligand.
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[0066] Separations based on centrifugation and/or filtra-
tion are convenient. In a preferred embodiment a centrifuge
tube (eg. Eppendorf tube) and “filter cup” format may be
used, and such formats are readily commercially available,
for example from Millepore. Thus the sample and carbohy-
drate-binding ligand may be added to the cup in the tube and
allowed to bind. The tube (and cup) is then spun, and the
non-binding supernatant collects in the tube. The carbohy-
drate-binding ligand may be such as to induce precipitation
of the bound carbohydrate moieties or it may be immobil-
ised, for example as a slurry eg. a gel or on particles. In
either case, the bound carbohydrate binding fraction-is
retained in the cup.

[0067] As a variation of such a “tube-and cup” arrange-
ment, the cup may be provided with one or more “discs” or
filters which carry immobilised carbohydrate-binding
ligands.

[0068] In an optional embodiment of the invention, an
additional step of removing or depleting certain carbohy-
drate-carrying (glycosylated) transferrin isoforms by other
separation procedures can be carried out prior to the carbo-
hydrate-binding ligand binding step, step (). This may be
desirable, for example, for economic reasons to limit the
amount of binding ligand necessary in step (a), e.g. if
expensive lectins are being used. Conveniently, such
removal or depletion may be achieved by ion exchange
chromatography to remove e.g. all or substantially all of the
hexa-, penta-, tetra- and tri-sialotransferrins, and preferably
also some or most of the disialotransferrin component. As
mentioned above, ion exchange as a means of separating the
various isotransferrin components is well known, and is
described for example in U.S. Pat. No. 4,626,355, Schel-
lenberg et al., (supra), Heil et al., (supra) and W096/26444.
Advantageously, an anion exchange chromatography step
may be used, with the chromatography conditions (e.g. pH
and ion binding strength) selected to permit retention of the
desired transferrin variants (e.g. hexa-, penta-, tetra- and
tri-sialo transferrin, and optionally some or all of the disialo
fraction).

[0069] Appropriate conditions e.g. buffering-capacity of
the resin, sample/equilibration/elution buffer pH and/or
ionic strength can readily be determined according to tech-
niques known in the art, and according to the separation
desired to be achieved (ie. which and how much of the
glycosylated transferrin variants it is desired to separate,
which may be according to choice). As is known in the art,
prior to ion exchange, the sample may be treated with
iron-containing buffer to saturate the iron-binding sites in
the transferrin molecules in the sample.

[0070] Conveniently, according to techniques known in
the art, chloride may be used as the counterion in the ion
exchange procedure in order to achieve the desired separa-
tion. Thus, appropriate amounts of chloride ion present in
the chromatography procedure necessary to achieve reten-
tion of the desired transferrin variants may be determined by
routine experiments, and may depend on the precise condi-
tions, batch of chromatography medium etc. The procedure
can be monitored by isoelectric forcussing or HPLC analy-
sis, again according to standard techniques known in the art.
The resolution obtainable between different glycosylated
transferrin variants may depend on the exact nature of the
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procedure, chromatography format (ie. batch slurry form or
column format etc), and this may be selected according to
choice, convenience etc.

[0071] The ion exchange chromatography step may be
carried out in any convenient manner known in the art
according to choice e.g. in a batch or column format.
Likewise, the conditions may be selected to achieve the
separation (ie. depletion or removal) in any desired manner,
for example by retaining the isotransferrin variants it is
desired to remove, or by pre-treating the sample by ion
exchange such that the “undesired” glycosylated variants do
not absorb to the medium, and the remainder of the sample
is separated and then eluted from the ion exchange medium,
prior to being subjected to step (a) of the method.

[0072] Advantageously however, the chromatography
conditions are set to permit retention of the “undesired”
glycosylated variants. Further advantageously, the ion-ex-
change medium may simply be added to the sample to bind
the glycosylated variants, followed thereafter by addition of
the carbohydrate-binding ligand to the sample; this will react
first with any transferrin variant molecules in solution,
before it binds to any variants which are retained in the ion
exchange medium.

[0073] As exemplary of ion exchange conditions which
may be used, mention may be made of Whatman QASL
anion exchange resin buffered at pH 6.3, which may be used
to bind the hexa-, penta-, tetra- and trisialo transferrins and
most of the disialo transferring.

[0074] Tt has been found that using a simple batch format,
separation of all the disialotransferrin fraction may be dif-
ficult to achieve, without separating also some of the CFT
fraction. Nonetheless, an advantageous and effective assay
system may still be achieved. by separating only a portion of
the disialofraction.

[0075] Following the binding and separation steps, the
content of transferrin in the “non-binding” fraction is deter-
mined. As mentioned above, most conveniently the sepa-
rated fraction comprising the CFT variant is assessed for
CFT content. Alternatively, however the transferrin contents
of the initial sample, and the fraction(s) binding to the
carbohydrate binding ligand may be determined, and the
transferrin content of the “non-binding” fraction determined
by subtraction. This may be done by any standard procedure
known in the art for assay of transferrin, for example, by any
standard immunoassay technique, e.g. an-ELISA or radio-
immunoassay technique. Methods for determining transfer-
rins are described for example in U.S. Pat. No. 4,626,355
(Joustra).

[0076] Many commercial assays for transferrin are avail-
able and have been described in the literature. For example
an RID (radio immuno diffusion) assay based on the method
of Mancini is available from Hoechst (see Mancini et al.,
Immunochemistry, 2: 235-254 (1965)). A rocket immuno
electrophoresis method is described by Laurell in Scand. J.
Clin. Lab. Invest. 29 (Suppl. 124): 21-37 (1972). Particular
mention may also be made of the particle-based immunoas-
say method of Miiller et al., in Lab. Med., 15: 278 (1991).
This is a very sensitive technique, based on an enhanced
turbidometric method which uses a turbidometric signal but
is more sensitive than traditional turbidometric methods.

[0077] An important advantage of the assay method of the
present invention is that it enables transferrin detection
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methods to be used which do not require further separation
steps (e.g. nephelometry) and in particular, it allows turbi-
dimetric determination of CFT content. This is important
since although nephelometry is in general a more sensitive
assay for opacity in a fluid sample than is turbidimetry, the
technique requires a non-linear optical path for the detection.
apparatus and thus is not readily adapted for inclusion within
existing multi-task light-absorbance determination based
diagnostic assay apparatus, in which the light path through
the sample is linear.

[0078] For either turbidimetric or nephelometric CFT
determination, opacity will generally be generated by con-
tacting the separated fraction or an aliquot thereof with an
anti-transferrin antibody or antibody fragment, e.g. a rabbit
anti-human transferrin antibody such as is commercially
available from Dako of Copenhagen, Denmark. The Dako
antibodies are specific to transferrin and show no cross
reactions with other blood proteins that may be present in the
eluate. The quantity of antibody used should of course be
optimised against transferrin containing standard samples as
opacification arises from the hook effect whereby multiple
transferrin binding generates the opacification centres.

[0079] In the case of “tube and cup” embodiment
described above for example, the anti-transferrin antibodies
may simply be added to the tube after centrifugation.

[0080] As in routine turbidimetric and nephelometric
assays, a polymeric opacification enhancer, such as poly-
ethyleneglycol, is preferably also added to the eluate.

[0081] In determining CFT content using such measuring
techniques, a kinetic reading mode may of course be used.

[0082] Before the nephelometric or turbidimetric determi-
nation is made, the fraction, antibody and enhancer may be
incubated for a short period, e.g. 5 minutes to an hour for
end-point measurements, preferably about 10 minutes.

[0083] The light used in the determination of opacification
should have an appropriate wavelength. In this regard we
have found that use of a 405 nm filter, or more preferably a
340 nm filter, yields particularly good results.

[0084] In general, besides the sample under evaluation,
calibration samples with known transferrin contents will
also be assessed in the performance of the assay method of
the invention. Such determinations can be used to plot a
calibration curve from which the CFT content of the sample
under evaluation may be determined. Preferably calibration
samples having transferrin contents of up to 0.05 mg/mL
(e.g. 0.002, 0.01, 0.02 and 0.03 mg/ml) will be used. (These
will not of course be passed through the carbohydrate-
binding ligands to separate out the carbohydrate-containing
variants).

[0085] Moreover in the assay method of the invention the
total transferrin content of the sample may preferably be
determined, using the same assay procedure (i.e. turbidim-
etry etc). In this way the CFT content may be determined as
a percentage of total transferrin (% CFT). %CFT may be a
more precise marker for alcohol consumption than total
CFT, and a threshold value, for example 1%, may be set.
From a diagnostic point of view however, it may reasonably
be assumed that the presence of any CFT whatsoever is
indicative of alcohol abuse.
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[0086] Alternatively, the CFT may be assessed as an actual
concentration (ie. a mass per unit volume).

[0087] Viewed from a further aspect, the invention pro-
vides a kit for a diagnostic assay according to the invention,
said kit comprising:

[0088] one or more carbohydrate-binding ligands; and

[0089] means for the detection of transferrin.

[0090] Conveniently, the kit may also comprise a trans-
ferrin standard or standards for reference, and preferably the
means for detecting transferrin are for the turbidometric
determination of transferrin. Thus, in one preferred embodi-
ment, the kit of the invention may comprise:

[0091] preferably, a transferrin solution of known concen-
tration and more preferably a set of such solutions having a
range of transferrin concentrations;

[0092] one or more carbohydate-binding ligands, option-
ally immobilised on a solid support;

[0093]

vessel;

[0094] preferably, an anti-transferrin antibody or antibody
fragment; and preferably, an opacification enhancer.

[0095] If desired an automated apparatus may be arranged
to receive a transferrin containing body fluid sample, apply
the sample to a solid support carrying one or more carbo-
hydrate-binding ligands, collect a CFT containing fraction,
apply an opacifying anti-transferrin antibody or antibody
fragment, and determine CFT content in the eluate. Such
apparatus is also deemed to fall within the scope of the
invention.

preferably, a light transmitting eluate receiving

[0096] A particular advantage of the present invention
over the prior art is that all samples used in ion-exchange
procedures such as are described in the prior art for CDT
determinations, require to be diluted to facilitate good ion-
exchange separation. The samples used in the present inven-
tion do not require dilution and hence less materials are
consumed and less preparatory steps are required in sample
preparation.

[0097] All the methods and assays of the prior art, includ-
ing those-which are currently being exploited commercially,
are based on the identification and quantitation of different
transferrin variants on the basis of differences in charge and
hence pl of the different variants. Where the primary struc-
ture ie. the amino-acid sequence of transferrin variants is
constant, these differences in charge arise due to the loss of
negatively charged sialic acid residues, which increases the
pl of the transferrin variants. incrementally with each sialic
acid residue lost.

[0098] However, the primary structure of the transferrin
polypeptide is known to be polymorphic and the prevalence
of particular amino-acid sequence isoforms differs accord-
ing to racial origin. For example, relative to “normal”
transferrin which predominates in Caucasian populations,
the transferrin D variant possesses a single, non-conserva-
tive amino-acid substitution in the polypeptide backbone
which affects the isoelectric point of the transferrin variant.
The D variant is common within populations of Japanese
and black African origin. The non-conservative amino-acid
substitution changes the net charge and hence pl of the
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transferrin backbone with the result that in iso-electric
focussing or equivalent studies, many false positive results
are generated in relation to persons of Japanese or black
African origin. Clearly this is unacceptable, and means that
in populations where the transferrin D variant is common, a
second test must be carried out to establish which transferrin
variant is expressed by the individual under study. This adds
greatly to the overall cost, time taken and complexity of the
assessment of alcoholism.

[0099] The assay of the present invention relies solely on
the presence or absence of carbohydrate moieties associated
with the polypeptide backbone of transferrin. Since it is not
influenced by polymorphisms in the amino acid sequence, it
is not subject to any false positives or negatives on account
of the variant polymorphism expressed by the individual
under clinical evaluation. Hence, the present invention is
particularly advantageous in that it is racially independent.

[0100] The invention will now be illustrated by the fol-
lowing non-limiting Examples and the accompanying fig-
ures in which:

[0101] FIG. 1 shows the glycosylated transferrin binding
capacity of a column comprising immobilized Con A and
SNA lectins. Fraction 1 contains the CFT;

[0102] FIG. 2 shows the elution profile of an SNA lectin
column of neuraminidase treated transferrin (removes sialic
acid residues) (filled circles) and serum from a non-alcoholic
(open circles). The fraction between 1.5 ml and 2.5 ml
contains the transferrin lacking sialic acid residues.

EXAMPLE 1

[0103] Quantitation of CFT by Means of Immobilised
Lectin from Sambuccus Ligra.

[0104] a. 10 ul serum samples are mixed with 0.5 ml 20
mM TRIS buffer pH=7.5 comprising 150 mM sodium
chloride.

[0105] b. 0.5 ml agarose elderberry bark (Sambuccus
Nigra) lectin (supplied by Vector Laboratories, Burl-
ingame, USA) is suspended in 0.5 ml 20 mM TRIS
buffer pH=7.5 comprising 150 mM sodium chloride,
and then mixed with each of the serum samples in TRIS
buffer (sce a. above).

[0106] c. The suspensions are transferred to Ultra-free
MC Millipore UFC3 OHV (0.45 um) filter cups and
centrifuged.

[0107] d. Mix 200 ul of the filtrate with 200 ul of an
anti-transferrin antibody solution comprising 0.27 M
TRIS, 4.5% PEG 8000, 43 mM sodium azide, 1:10
dilution of Dako anti-human-transferrin antibodies
Q0327, and HCl to pH=7.4.

[0108] e. Read the turbidimetric/nephelometric signal.
EXAMPLE 2
[0109] Quantification of CFT by Means of Surface Lectin

on Helicobacter pylori.

[0110] a. Helicobacter pylori is cultivated and isolated
according to Lelwala et al, “Isolation of a sialic
acid-specific surface haemaglutinin of Helicobacter
pylori strain NCTC11637”, Zblatt 280:93-196, 1993.
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[0111] b. 25 gl serum sample is mixed with 0.5 ml 20
mM Tris-HCI buffer with pH=7.5 containing 150 mM
sodium chloride.

[0112] c. A suspension of Helicobacter pylori with a
binding capacity in excess of the total glycoprotein
concentration of the serum sample is added.

[0113] d. The suspensions are transferred to Ultra-free
MC Millipore UFC3 OHV (0.45 um) filter cups and
centrifuged. e. Mix 200 zl of the filtrate with 200 ul of
a anti-transferrin antibody solution comprising 0.27 M
TRIS, 4.5% PEG 8000, 4.3 mM sodium azide, 1:10
dilution of Dako anti-human-transferrin antibodies
Q0327, and HCl to pH=7.4.

EXAMPLE 3

[0114] Quantitation of CFT by Means of Immobilised
Lectin from Helicobacter pylori.

[0115] a. 10 gl serum samples are-mixed with 0.5 ml 50
mM TRIS buffer pH=7.5 comprising 150 mM sodium
chloride.

[0116] b. 0.5 ml of agarose (Reacti-Gel from Pierce
Chemical Company, US) with lectin from Helicobacter
communis isolated according to Lelwala et al., “Isola-
tion of a sialic acid-specific surface haemaglutinin of
Helicobacter pylori strain  NCTC11637”, Zblatt
280:93-196, 1993 immobilised on the agarose accord-
ing to the manufacturer of the “Recti-Gel” package
insert, suspended in a buffer of 20 mM TRIS buffer
pH=7.5 comprising 150 mM sodium chloride, and then
mixed with each of the serum samples in TRIS buffer
(see a. above).

[0117] c. The suspensions are transferred to Ultra-free
MC Millipore UFC3 OHV (0.45 um) filter cups and
centrifuged.

[0118] d. Mix 200 ul of the filtrate with 200 ul of an
anti-transferrin antibody solution comprising 0.27 M
TRIS, 4.5% PEG 8000, 4.3 mM sodium azide, 1:10
dilution of Dako anti-human-transferrin antibodies
Q0327, and HCl to pH=7.4.

[0119] e. Read the turbidimetric/nephelometric signal.
EXAMPLE 4
[0120] Quantitation of CFT by Means of Immobilised

Lectin from Sambuccus nigra in a Column Format.

[0121] a. 10 pl serum samples are mixed with 0.5 ml
binding buffer 20 mM Tris-HCl buffer with pH=7.5
containing 150 mM sodium chloride.

[0122] b. Each diluted serum samples are passed
through a column of 0.5 ml agarose elderberry bark
(Sambuccus nigra) lectin (supplied by Vector Labora-
tories, Burlingame, USA) is suspended in 20 mM
Tris-HCl buffer with pH=7.5 containing 150 mM
sodium chloride, and another 1.0 ml of the same buffer
is passed through the column.

[0123] c. Mix 200 ul of the eluted solution with 200 ul
of an anti-transferrin antibody solution comprising 0.27
M TRIS, 4.5% PEG 8000, 4.3 mM sodium azide, 1:10
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dilution of Dako anti-human-transferrin antibodies
Q0327, anrd HCI to pH=7 4.

[0124] d. Read the turbidimetric/nephelometric signal.
EXAMPLE 5
[0125] Quantitation of CFT by Means of Immobilised

Lectin from Ricinus communis and Sambuccus nigra.

[0126] a. 10 ul serum samples are mixed with 0.5 ml
binding buffer 0.5 ml 20 mM TRIS buffer pH=7.5
comprising 150 mM sodium chloride.

[0127] b. 0.5 ml agarose elderberry bark (Sambuccus
nigra) lectin (suppled by Vector Laboratories, Burlin-
game, USA) and 0.5 ml agarose bound Ricinus com-
munis lectin from EY Laboratories (US) was mixed
with 0.5 ml 20 mM TRIS buffer pH=7.5 comprising
150 mM sodium chloride and then mixed with the
diluted serum samples from (a). The use of both
galactose-binding lectin and sialic acid binding lectin in
combination ensures a good binding of all carbohy-
drate-containing transferrin molecules.

[0128] c. The suspensions are transferred to Ultra-free
MC Millipore UFC3 OHV (0.45 um) filter cups and
centrifuged.

[0129] d. Mix 200 ul of the filtrate with 200 ul of an
anti-transferrin antibody solution comprising 0.27 M
TRIS, 4.5% PEG 8000, 4.3 mM sodium azide, 1:10
dilution of Dako anti-human-transferrin antibodies
Q0327, and HCl to pH=7.4.

[0130] e. Read the turbidimetric/nephelometric signal.
EXAMPLE 6
[0131] Anion Exchange Pre-treatment Step

[0132] 20 ul of serum sample is mixed with 0.5 ml of a
25% preswollen Whatman QAS52 anion exchange resin
suspended in 20mM Bis(2-hydroxy)amino-tris(hydroxym-
ethyl)methane pH=6.3. The chloride content of the medium
is carefully adjusted to separate the desired isotransferrin
fractions, and this may be monitored by HPLC or isoelectric
focussing. Thereafter, 0.5 ml agarose elderberry bark lectin
(Vector Laboratories) is added, and the suspension is mixed
gently. The suspension is thereafter filtered by centrifugation
in a Millipore Ultra-Free MC UFC3 OHV filter cup, and the
filtrate is collected. 200 ul of the filtrate is mixed with 200
ul. of an transferrin antibody (Dako) solution diluted 1:10 in
027M TRIS, 45% PEG 8000, 43 mM sodium azide
pH=7.4, and the nephelometric signal is read and interpo-
lated in a standard curve constructed from standards of
known concentration of human transferrin.

EXAMPLE 7
[0133] Quantitation of CFT by Means of Immobilised
Lectins
[0134] a. A 10 ul serum sample from an alcoholic was

mixed with 0.5 ml binding buffer (25 mM TRIS, 1 mM
CaCl,, 1 mM MnCl,, buffer pH=7.5 comprising 150
mM sodium chloride).

[0135] b. 0.5 mlimmobilised lectin mixture comprising
400 ul sepharose ConA lectin (Pharmacia Sweden) and
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100 ul agarose elderberry bark (Sambuccus nigra)
lectin (suppled by Vector Laboratories, Burlingame,
USA) here suspended in the sample/binding buffer
mixture (see a. above).

[0136] c. The suspension was transferred to Ultra-free
MC Millipore UFC3 OHV (0.45 m) filter cups and
centrifuged.

[0137] d. 200 ul of the filtrate (Fraction 1) was mixed
with 100 ul of an anti-transferrin antibody solution
comprising 0.27 M TRIS, 45% PEG 8000, 4.3 mM
sodium azide, 1:10 dilution of Dako anti-human-trans-
ferrin antibodies Q0327, and HCl to pH=7.4.

[0138] e. 500 ul elution buffer (50 mM Tris Buffered
Saline+0.25 M lactose which causes elution from SNA
and 200 mM o.-D-methyl-d glycoside which causes
elution from Con A) was added to the filter cup
(containing the lectins) and centrifuged. 200 ul of this
filtrate (fraction 2) was mixed with 100 ul of anti-
transferrin antibody solution as described in step d.
This step was repeated to generated a total of 9 frac-
tions in order to test the binding characteristics for
transferrin containing glycan chains.

[0139] f The turbidimetric signals were read for each
fraction using a Turbidmetric Immuno Assay (TIA)
method. The results are shown in FIG. 1 attached
hereto.

EXAMPLE 8

[0140] Quantitation of CFT by Means of Immobilised
Lectin from Sambuccus nigra in a Column Format—Pre-
liminary Demonstration of Principle of Assay

[0141] a. 50 ul serum sample from a non-alcoholic or a
sample in which the transferrin has been enzymatically
treated with neuraminidase (which cleaves terminal
sialic acid residues from the glycan chains thus gener-
ating transferrin molecules which simulate those of an
alcoholic, for the purposes of this experiment), was
mixed with 0.5 ml binding buffer (50 mM TRIS-HCI
buffer with pH=7.5 comprising 150 mM sodium chlo-
ride).

[0142] b. Each diluted serum sample was passed
through a column of 1.0 ml agarose elderberry bark
(Sambuccus nigra) lectin (suppled by Vector Labora-
tories, Burlingame, USA) suspended in 50 mM Tris-
HCl buffer with pH=7.5 containing 150 mM sodium
chloride. Another 1.0 ml of the same buffer was passed
through the column. Liquid collected from the column
at this point was discarded.

[0143] c. Further binding buffer was added and liquid
passing through the column collected in 0.25 ml vol-
umes. After. 18x0.25 ml fractions were collected, an
elution buffer (50 mM Tris Buffered Saline+0.25 M
lactose) was added to the column to release the trans-
ferrin molecules bound to the SNA lectins.

[0144] d. 200 ul of each collected fraction was mixed
with 100 ul of an anti-transferrin antibody solution
comprising 0.27 M TRIS, 4.5% PEG 8000, 4.3 mM
sodium azide, 1:10 dilution of Dako anti-human-trans-
ferrin antibodies Q0327, and HCl to pH=7.4.
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[0145] e. The turbidimetric signal was read from each
fraction using a Turbidimetric Immuno Assay (TIA)
method an the results of this Example are shown in
FIG. 2 attached hereto. The arrow shows where the
elution buffer was added for elution of adsorbed trans-
ferrin (containing glycan chains with sialic acid resi-
dues). The fraction between 1.5 ml and 2.5 ml contains
the transferrin lacking sialic acid residues.

1-12. (canceled)

13. A method for the assessment of elevated alcohol
consumption, comprising:

(a) contacting a sample of a body fluid with a carbohy-
drate-binding ligand to bind carbohydrate and carbo-
hydrate-containing moieties in the sample to the ligand,;

(b) separating a carbohydrate-free transferrin containing
fraction not binding to the ligand from the ligand and
contacting the separated fraction with an anti-transfer-
rin antibody or an anti-transferrin antibody fragment,
wherein at least 60% of transferrin molecules in the
carbohydrate-free transferrin containing fraction are
carbohydrate-free transferrin molecules; and

(c) detecting a presence or amount of carbohydrate-free
transferrin molecules in the fraction, wherein the pres-
ence or amount of carbohydrate free transferrin mol-
ecules is indicative of elevated alcohol consumption.

14. The method as claimed in claim 13, wherein at least
70% of the transferrin molecules in the carbohydrate-free
transferrin containing fraction are carbohydrate-free trans-
ferrin molecules.

15. The method as claimed in claim 14, wherein at least
80% of the transferrin molecules in the carbohydrate-free
transferrin containing fraction are carbohydrate-free trans-
ferrin molecules.

16. The method as claimed in claim 15, wherein at least
90% of the transferrin molecules in the carbohydrate-free
transferrin containing fraction are carbohydrate-free trans-
ferrin molecules.

17. The method as claimed in claim 16, wherein at least
95% of the transferrin molecules in the carbohydrate-free
transferrin containing fraction are carbohydrate-free trans-
ferrin molecules.

18. The method as claimed in claim 13, wherein the
sample is blood or obtained from blood.

19. The method as claimed in claim 13, wherein the
carbohydrate-binding ligand is selected from the group
consisting of antibodies, antibody fragments, lectins, mam-
malian carbohydrate-binding proteins, microbial carbohy-
drate-binding proteins, and mixtures thereof.

20. The method as claimed in claim 13, wherein in step (a)
a panel of more than one type of lectin is used as a
carbohydrate binding ligand.

21. The method as claimed in claim 13, wherein the
carbohydrate-binding ligand is selected from the group
consisting of Sambucus nigra lectin, Sambucus sielbodiana
lectin, wheatgerm agglutinin, Maackia amurensis lectin, F.
coli K99 lectin, Helicobacter pylori lectin, Ricinus commu-
nis lectin, Crotalaria junctae lectin, anti-sialic acid antibod-
ies, and mixtures thereof.

22. The method as claimed in claim 13, wherein the
separation step (b) is by precipitation, centrifugation, filtra-
tion or chromatographic methods.
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23. The method as claimed in claim 13, wherein the
carbohydrate-binding ligand is immobilized.

24. The method as claimed in claim 13, wherein an ion
exchange step to remove or deplete carbohydrate-carrying
transferrins in the sample is performed prior to step (a).

25. The method as claimed in claim 13, wherein detecting
the transferrin content in step (c) is achieved by turbido-
metric or nephelometric means.

26. A kit for use in a method as defined in claim 13, said
kit comprising:

one or more carbohydrate-binding ligands;

means for separating unbound carbohydrate-free transfer-
rin from ligand-bound carbohydrate-containing trans-
ferrin; and

means for detecting the carbohydrate-free transferrin con-
tent in the separated portion which determines the
content of carbohydrate-free transferrin in the sample.

27. The kit as claimed in claim 26, wherein said means for
determining the carbohydrate-free transferrin content com-
prises an anti-transferrin antibody or an anti-transferrin
antibody fragment.

28. The kit as claimed in claim 27, wherein said means for
determining the carbohydrate-free transferrin content further
comprises an opacification enhancer.

29. The kit as claimed in claim 26, further comprising a
carbohydrate-free transferrin solution of known concentra-
tion or a set of such solutions having a range of carbohy-
drate-free transferrin concentrations.

30. A method for the detecting carbohydrate-free trans-
ferrin in a body fluid for use as an indicator of alcohol abuse,
said method comprising:
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(a) contacting a sample of said body fluid with an immo-
bilized carbohydrate-binding ligand to bind any carbo-
hydrate-containing moieties in the sample to the immo-
bilized ligand;

(b) separating any unbound carbohydrate-free transferrin
from any bound carbohydrate-containing moieties;

(c) contacting any separated carbohydrate-free transferrin
with an anti-transferrin antibody or an anti-transferrin
antibody fragment to form a conjugate; and

(d) detecting the presence of any carbohydrate-free trans-
ferrin anti-transferrin antibody conjugate by tubidom-
etry or nephalometry.

31. The method of claim 30, wherein the presence of any

carbohydrate-free transferrin is indicative of alcohol abuse.

32. The method of claim 30, wherein the method is free

from the influence of amino acid sequence polymorphism in
the polypeptide backbone of an abuser’s transferrin.

33. The method of claim 30, wherein the method is

independent of the abuser’s race.

34. A kit for use in a method of claim 30, the kit

comprising:

one or more carbohydrate-binding ligands;

means for separating unbound carbohydrate-free transfer-
rin from bound carbohydrate-containing transferrin,
and

means for detecting any carbohydrate-free transferrin.
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