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Description

FIELD OF THE INVENTION

[0001] This disclosure relates generally to the field of immunological-based assays and describes methods for meas-
uring cell-mediated immunoresponsiveness. The present disclosure teaches methods, compositions and kits for meas-
uring cell-mediated immune response activity with enhanced sensitivity and improved storage stability.

BACKGROUND OF THE INVENTION

[0002] Immunological-based diagnostic assays have a wide application in the medical field. In particular, they are
important tools as an aid in detecting and monitoring a variety of disease conditions. The effectiveness of these types
of assays lies in part in the specificity of components within the immune system such as T-lymphocytes. Notwithstanding
this specificity, immunological-based diagnostics are not necessarily always sensitive enough to detect low grade infec-
tions, the presence of a persistent low level infection, to detect infections in subjects with active or latent infectious
disease states or in subjects exhibiting immunodeficiency or any form of immunosuppression. Desirable performance
characteristics of a cell mediated immune response assay, in particular for detecting an antigen specific T-cell response,
include adequate sensitivity, specificity, reliability and reproducibility and furthermore, should be simple and rapid to
perform.
[0003] One established form of an immunological-based diagnostic assay involves the stimulation of T-cells or other
cells of the immune system with antigens followed by the detection of immune effector molecules such as IFN-gamma
or other cytokines produced in response to the stimulation with the antigen. The immune effector molecules are detected
using well-known techniques such as enzyme immunoassays, multiplex bead analysis, ELISA, ELISpot and flow cytom-
etry. The presence or increase in the level of immune effector molecules can also be determined based on the RNA
level. Such assays are e.g. useful for detecting disease-specific immune responses, in particular pathogen specific
immune responses. Respective assays are commercially available under the trademark QuantiFERON (Registered
Trademark; Cellestis Limited) and can be e.g. used to diagnose a pathogen infection or to monitor cell-mediated immunity
against a disease.
[0004] Other applications of respective cell-mediated immune response assays include the analysis or the monitoring
of cellular immune responses to vaccines or immunotherapy, such as e.g. cancer immunotherapy.
[0005] There is a great demand for respective assays with enhanced sensitivity. Previously, methods for measuring
cell-mediated immune responses were improved by incubating the sample such as a whole blood sample with the antigen
in the presence of a simple sugar such as dextrose (see e.g. WO 2004/042396 A1). It was found that simple sugars
such as dextrose and glucose increase the production of IFN-gamma by the immune cells and thereby improve the
sensitivity of the assay. The use of simple sugars such as glucose and dextrose was believed to be essential to allow
the cells to make use of that energy source and thus benefit from the addition of the sugar during incubation with the
antigen. Significant increases in the INF-γ level were observed when the simple sugar was directly added to the sample
in addition to the antigen. However, to simplify the performance of the method it is preferred to provide ready-to-use
reagent compositions and to avoid manual handling steps. Therefore, it would be desirable to provide a single composition
which includes the antigen and the simple sugar. Said composition could be provided in a sample collection tube, whereby
the sample is directly contacted with the antigen and the simple sugar in the right concentration thereby avoiding handling
errors. Here it was found though that the assay activity diminished over time when respective sample collection tubes
comprising the antigen and the simple sugar were stored at room temperature or at elevated temperatures. This was
found with certain antigens. Therefore, the shelf-life of these kit components is limited and after a certain storage time,
the assay provides only low sensitivity or the assay activity is even completely lost. Therefore, respective kits/assay
materials, wherein the antigen is conveniently provided together with a simple sugar in one composition, are not storage-
stable and thus pose the risk that the assay sensitivity is reduced or even lost over time. This was not seen when the
simple sugar was not included together with the antigen in the sample collection tube, but was added separately to the
sample for incubation with the antigen.
[0006] EP 1 312 670 A1 relates to methods for inducing, maintaining and expanding cytotoxic T cells having an antigen-
specific cytotoxic activity by using as an effective ingredient at least one compound selected from the group consisting
of acidic polysaccharides, acidic oligosaccharides, acidic monosaccharides, and salts thereof.
[0007] Xu Zhi-Jun et al. (Archives of Pathology and Laboratory Medicine 1993, 117(11):1174-1177) pertains to the
field of immunocytological testing and immunohistochemistry and describes that a sucrose-magnesium chloride-glycerol
solution can be used to store cytological preparations.
[0008] Fujita et al. (Microbiology and Immunology 1990, 34(6):523-532) relates to the in vivo immuno-modifying activity
of a mycoloyl glycolipid, trehalose 2,3,6’-trimycolate (GaGM) from R. aurantiacus.
Roser (Biopharm 1991, 4(8):47-53) relates to a method called "trehalose drying" as a novel replacement for freeze drying
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macromolecules.
[0009] DATABASE WPI Week 200103 Thomson Scientific, London, GB; AN 2001-016743 & CN 1262131 A (CHANG-
SHENG IND CO LTD CHANGCHUN CITY) describes that trehalose can be used as protector of biological preparations.
[0010] US 4,891,319 A pertains to the protection of proteins and other biological macromolecules with tertiary structures
against denaturing during drying in the presence of trehalose.
[0011] WO 98/58259 A1 aims at improving immunoassays that are immunosorbent assays and wherein antibodies
are captured, such as ELISA assays.
[0012] EP 1 529 536 A1 relates to an immunogenic composition having an improved capacity for immuno-stimulation
of the immune system of a host to whom it is administered, the composition comprising the compound sucrose acetate
isobutyrate (SAIB).
[0013] WO 00/56365 A1 concerns a liquid vaccine composition comprising at least an antigen consisting of a polysac-
charide bound to a carrier protein and trehalose.
[0014] The object of the present invention is to overcome at least one drawback of the prior art methods. In particular,
it is the object of the present invention to provide sensitive and reliable methods for measuring cell-mediated immune
responsiveness as well as kits and kit components which are storage-stable.

SUMMARY OF THE INVENTION

[0015] The invention can be defined by the appending claims.
[0016] Accordingly, the present invention provides for a method for measuring cell-mediated immune response activity,
said method comprising:

(a) providing an incubation composition by contacting a sample comprising immune cells capable of producing
immune effector molecules following stimulation by a peptide antigen with at least one peptide antigen having a
length selected from 5 to 50 amino acids and with at least one non-reducing sugar capable of increasing the interferon-
gamma response of immune cells that respond to the antigen; and

(b) detecting the presence or level of at least one immune effector molecule, wherein detecting the presence or
level of at least one immune effector molecule comprises detecting the presence or level of interferon-gamma (INF-
gamma).

[0017] The present invention further provides for a composition according to claim 14, a sample collection vessel
according to claim 16, a kit according to claim 17 and a use according to claim 19.
[0018] The inventors found that adding a non-reducing sugar during incubation of the sample with the antigen sur-
prisingly increases the response levels and thus the sensitivity of the method in a similar fashion as it is seen when a
simple sugar such as dextrose and glucose is added during incubation. This was unexpected because it was previously
believed that the increase in the sensitivity can only be achieved with simple sugars and thus monosaccharides, which
represent reducing sugars. Furthermore, it was surprisingly found that the method may maintain its increased sensitivity
even over prolonged storage periods of the assay materials, even if the non-reducing sugar and the antigen are provided
in form of a single composition. Therefore, the inventors surprisingly found that the use of a non-reducing sugar instead
of a simple sugar significantly increases the storage stability of the assay components while also increasing the response
levels and thus may improve the assay sensitivity. Without being bound in theory, it is believed that the non-reducing
sugar increases the amount of released immune effector molecules in case of a positive cell-mediated immune response,
thereby improving the assay sensitivity. Apparently, the immune effector molecule production is enhanced. Hence, the
use of a non-reducing sugar as described herein may also enable earlier detection of immune cell stimulation than would
otherwise be possible. The ability to increase the sensitivity of a cell-mediated immune response assay may also enable
the use of the less sensitive means of detection of effector molecules and/or the use of smaller sample sizes. Furthermore,
these beneficial effects are also achieved after prolonged storage of the assay materials, thereby improving the reliability
and reproducibility of the assay.
[0019] Also disclosed are the following aspects:
[0020] According to a first aspect, a method is provided for measuring cell-mediated immune response activity, said
method comprising

(a) providing an incubation composition by contacting a sample comprising immune cells capable of producing
immune effector molecules following stimulation by an antigen with at least one antigen and with at least one non-
reducing sugar, and
(b) detecting the presence or the level of an immune effector molecule.
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[0021] Said method can be used e.g. in order to measuring the cell-mediated immune response activity in a subject
such as a patient. The presence (or absence) or level of the detected immune effector molecule is indicative of the level
or capacity of a subject to mount a cell-mediated immune response against the tested antigen.
[0022] According to a second aspect, a composition for inducing a cell mediated immune response is provided, said
composition comprising

a) at least one antigen;
b) at least one non-reducing sugar; and
c) optionally at least one anticoagulant.

[0023] A respective composition can be conveniently used in the method according to the first aspect in order to
prepare the incubation composition by contacting the sample comprising the immune cells with said composition.
[0024] According to a third aspect, a sample collection vessel is provided which comprises the composition according
to the second aspect. The sample collection vessel can be conveniently used in the method according to the first aspect.
Preferably, the sample collection vessel is an evacuated blood collection tube.
[0025] According to a fourth aspect, a kit for measuring cell-mediated immune response activity in a subject is provided,
which comprises at least one antigen, at least one non-reducing sugar, at least one sample collection vessel which
preferably is a blood collection tube and at least one detection means for at least one immune effector molecule. A
respective kit can be used for performing the method according to the first aspect.
[0026] According to a fifth aspect, the present disclosure pertains to the use of a non-reducing sugar in an immunological
assay for measuring cell-mediated response activity, wherein the addition of the non-reducing sugar increases the
release of at least one immune effector molecule, preferably IFN-gamma, from immune cells that respond to the antigen
tested in said assay.
[0027] Other objects, features, advantages and aspects of the present application will become apparent to those
skilled in the art from the following description and appended claims.

BRIEF DESCRIPTION OF THE FIGURES

[0028]

Fig. 1: Effect of trehalose addition on IFN-gamma response in a QFN-CMV assay. (** p<0.01; *** p<0.001)

Fig. 2: Effect of trehalose addition on IFN-gamma response in a QFN-TB assay.

Fig. 3: Four different non-reducing sugars augment the quantitative QFN CMV result.

DETAILED DESCRIPTION OF THE INVENTION

[0029] The invention can be defined by the appending claims.
[0030] Throughout this specification, unless the context requires otherwise, the word "comprise", or variations such
as "comprises" or "comprising", will be understood to imply the inclusion of a stated element or integer or method step
or group of elements or integers or method steps but not the exclusion of any other element or integer or method step
or group of elements or integers or method steps.
[0031] As used in the subject specification, the singular forms "a", "an" and "the" include plural aspects unless the
context clearly dictates otherwise. Thus, for example, reference to "a T-cell" includes a single T-cell, as well as two or
more T-cells; reference to "an antigen" includes a single antigen, as well as two or more antigens. Likewise, reference
to an "agent", "reagent", "molecule" and "compound" includes single entities and combinations of two or more of such
entities. Reference to "the disclosure" includes single or multiple aspects taught by the present disclosure; and so forth.
[0032] According to a first aspect, a method is provided for measuring cell-mediated immune response activity, said
method comprising

(a) providing an incubation composition by contacting a sample comprising immune cells capable of producing
immune effector molecules following stimulation by an antigen with at least one antigen and with at least one non-
reducing sugar, and
(b) detecting the presence or the level of an immune effector molecule.

[0033] Advantageous embodiments and applications of said method are described herein. According to one embod-
iment of the first aspect, a method is provided for measuring cell-mediated immune response activity in a subject, said
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method comprising

(a) providing an incubation composition by contacting a sample comprising immune cells capable of producing
immune effector molecules following stimulation by an antigen obtained from a subject with at least one antigen
and with at least one non-reducing sugar, and
(b) detecting the presence or elevation in the level of an immune effector molecule.

[0034] The presence (or absence) or elevated level of the immune effector molecule is indicative of the level or capacity
of cell-mediated immune responsiveness of the subject. In particular, said method allows to determine whether said
subject has previously encountered the antigen or an antigen for which the tested antigen is representative. Thereby, it
can be determined whether the subject is capable of eliciting a cell-mediated immune response against said antigen. In
certain embodiments, also the quantitative level of cell-mediated immune responsiveness can be determined. The
magnitude of the cell-mediated immune response detected in the assay presently disclosed can in certain embodiments
be correlated to a disease state, progression and/or severity of a disease. Therefore, the present disclosure provides
means to determine the cell-mediated immune responsiveness in a subject. The described method enables and/or
supports inter alia the diagnosis of diseases, in particular infectious diseases, pathological conditions, allows to determine
the level of immunocompetence and allows assessing of immune cell responsiveness to endogenous or exogenous
agents as well as to protein toxicants. The assay also enables screening or monitoring of subjects previously exposed
to a particular antigen, such as an antigen associated with a disease, infection or contaminant. Other important appli-
cations and utilities of said method will be described subsequently.
[0035] The individual method steps and preferred embodiments of the method according to the first aspect and of the
invention will now be explained in detail.

Step (a)

[0036] In step (a), a sample comprising immune cells capable of producing immune effector molecules following
stimulation by an antigen is contacted with at least one antigen and with at least one non-reducing sugar. The immune
cells and/or the whole sample can be obtained e.g. from a subject whose cell mediated immune responsiveness is to
be determined.
[0037] Reference to a "subject" includes e.g. a human or non-human species including primates, livestock animals
(e.g. sheep, cows, pigs, horses, donkey, goats), laboratory test animals (e.g. mice, rats, rabbits, guinea pigs, hamsters),
companion animals (e.g. dogs, cats), avian species (e.g. poultry birds, aviary birds), reptiles and amphibians. The method
disclosed herein has applicability in research, human medicine as well as in livestock, veterinary and wild-life applications.
Preferably, the subject is a human and the cell-mediated immune response method described herein is used in screening
for responsiveness to pathogenic microorganisms, viruses and parasites, disease conditions, potential for development
or the monitoring of autoimmune conditions, monitoring a subject’s response to oncological challenge or immunotherapy,
monitoring cell-mediated immunity against a disease and for determining the presence of any immunodeficiency or
immunosuppression. The latter may occur, for example, due to certain medicaments including various chemotherapeutic
agents. Alternatively, exposure to environmental proteinaceous toxicants and pollutants can be determined using the
method according to the present invention.
[0038] The sample comprises immune cells capable of producing immune effector molecules following stimulation
with an appropriate antigen. "Immune cells" include but are not limited to lymphocytes including natural killer (NK) cells,
T-cells, B-cells, macrophages and monocytes, dendritic cells or any other immune cell which is capable of producing
one or more immune effector molecules in response to direct or indirect antigen stimulation. Preferably, the sample
comprises lymphocytes, more preferred T-lymphocytes. The terms "T-cells" and "T-lymphocytes" are used interchange-
ably herein. T-cells are capable of eliciting a strong immune response if they recognize the offered antigen. If the T-cells
have been previously exposed to the tested antigen or an antigen for which the tested antigen is representative, a rapid
re-stimulation of the T-cells with specific memory of that antigen occurs. These antigen-specific T-cells respond by
secreting immune effector molecules such as in particular interferon gamma. Interferon gamma, or an immune effector
molecule released in response to the released interferon gamma, can then be measured as specific marker of immune
responsiveness against the tested antigen. Therefore, according to one embodiment, the sample comprises T-lym-
phocytes, preferably CD4+ helper T-cells and/or CD8+ cytotoxic T-cells. Preferably, the sample also comprises corre-
sponding stimulator cells, in particular antigen presenting cells which are capable of presenting the tested antigen to the
T-cells. However, suitable antigen presenting cells may also be added separately to the incubation composition. Re-
spectively added antigen presenting cells (APC) include natural as well as artificial antigen presenting cells or particles.
E.g. stimulator cells such as irradiated autologous or HLA matched antigen-presenting cells can optionally be separately
added to the incubation composition which then present the antigen to T-cells. This embodiment is e.g. feasible if the
sample does not comprise respective stimulator cells necessary to induce a T-cell response. Artificial antigen presenting
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embodiments include but are not limited to particles or lipid vesicles with associated recombinant MHC molecules or
peptides and recombinant co-stimulatory molecules.
[0039] Preferably, the sample is obtained from a subject. According to one embodiment, the sample is a body fluid
comprising immune cells or is an immune cell containing portion derived from a respective body fluid. According to a
preferred embodiment, the sample is whole blood. By "whole blood" is meant blood from a subject that has not been
substantially diluted or fractionated. According to one embodiment the whole blood sample is peripheral blood. Notwith-
standing that whole blood is the preferred and most convenient sample for determining cell-mediated immune response
activity, also other samples containing immune cells can be used. Examples include but are not limited to lymph fluid,
cerebral fluid, tissue fluid (such as bone marrow or thymus fluid) and respiratory fluid including nasal and pulmonary
fluid and bronchoalveolar lavage. Also portions or derivatives of the above-mentioned samples, e.g. samples depleted
of cells unnecessary for measuring the cell mediated immune response may be used as sample and can be obtained
by sample processing. For example, whole blood may be treated to remove components unnecessary for the CMI
response such as red blood cells and/or platelets by methods known in the art or may be processed to enrich white
blood cells. Also buffy coat cells or peripheral blood mononuclear cells (PBMC) can be obtained by methods known in
the art and can be used as sample. According to one embodiment, cultured immune cells are used as sample. Further-
more, also cryopreserved cells, e.g. cryopreserved PBMC cells, can be used as source of the immune cells of the subject
and thus as sample. E.g. thawed PBMC cells can be contacted with culture medium to provide the sample comprising
immune cells which is then contacted and incubated with an antigen and the non-reducing sugar which preferably are
added in form of a single composition. According to one embodiment, the sample comprises all immune cells necessary
for mediating a cellular immune response. However, as described above, it is also within the scope of the present
invention to separately add stimulator cells, in particular antigen presenting cells. According to one embodiment, the
sample comprises at least T-cells (T-lymphocytes) and NK cells (NK -lymphocytes). According to one embodiment, the
sample is not diluted by more than 50%, 40%, 30%, 25%, 20%, 15%, 10%, 5% or 3% prior to contacting the sample
with the antigen and/or the non-reducing sugar.
[0040] The sample to be analysed is contacted with at least one antigen and with at least one non-reducing sugar to
provide an incubation composition.
[0041] The term "antigen" as used herein in particular refers to any molecule or agent that is capable of stimulating
or re-stimulating an immune response, and in particular is capable of stimulating or re-stimulating a cellular immune
response. Thus, the term "antigen" is used in a broad sense. The term in particular refers to any molecule or agent that
can be bound by a major histocompatibility complex (MHC) and can be presented to a T-cell receptor or can be bound
by an antibody. The term may also refer to any molecule or agent that can be bound by non-classical MHC proteins
such as e.g. CD1d or other CD1 family members. According to one embodiment, the antigen is an immunogen. According
to one embodiment, the antigen is not an immunogen. Antigens include but are not limited to peptides, proteins, haptens,
allergens or toxins or any naturally occurring or synthetic molecule or parts thereof. According to one embodiment, the
antigen is an inactive pathogen or a portion or lysate thereof. According to one embodiment, the antigen is selected
from the group consisting of peptides, proteins, including glycoproteins, carbohydrates, phospholipids, phosphoproteins,
phospholipoproteins, and fragments of the foregoing. The term "peptide" as used herein also includes polypeptides and
proteins unless the context clearly indicates otherwise. The term "protein" also includes modified forms such as glyco-
proteins and phosphoproteins. According to one embodiment, the antigen comprises one or more full length or part
length peptides. According to one embodiment, the antigen is provided by a peptide. According to one embodiment, the
one or more peptides used as antigen have a length selected from 5 to 100 amino acids, preferably 7 to 50 amino acids.
According to one embodiment, the antigen is provided by a set of peptides from one or more different full length or part
length peptides. A peptide set comprises at least two peptides and includes in an embodiment a series of overlapping
or non-overlapping peptides. A respective set of peptides may cover the entire length of or a part of a naturally occurring
protein antigen. However, the peptides do not necessarily have to be overlapping or may overlap by a single amino acid
or by multiple amino acids. According to one embodiment, a peptide set is used which encompasses from 80-100% of
a naturally occurring peptide or protein antigen.
[0042] According to one embodiment, the antigen is provided by at least one peptide that is recognized by a CD8+

cytotoxic T-cell. For this embodiment, the antigen preferably is provided by at least one peptide having a length of less
than 15 amino acids, preferably 13 amino acids or less, 12 amino acids or less, 11 amino acids or less or 10 amino
acids or less. Suitable size ranges for a respective peptide that is recognized by a CD8+ cytotoxic T-cell include 7-14
amino acid residues, 7-13 amino acid residues, 8 to 12 amino acid residues, 8-11 amino acid residues and 8 to 10 amino
acid residues. Also a set of peptides can be used which comprises or consists of peptides that are recognized by CD8+

cytotoxic T-cells. Said peptides may encompass all or a part of a protein antigen such as a naturally occurring protein
antigen. It was found that assays which incorporate respective short peptides as antigen show a significant decrease
in the assay activity during storage in the presence of simple sugars such as glucose or dextrose. This is not seen when
using non-reducing sugars as taught by the present invention. Here, the assay sensitivity remains to be increased due
to the incorporation of the non-reducing sugar even after prolonged storage time of the assay components. This is an
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important advantage when using a composition comprising a peptide antigen that is recognized by a CD8+ cytotoxic T-
cell and a non-reducing sugar e.g. as kit compound, respectively component.
[0043] According to one embodiment, the antigen is provided by at least two sets of peptides, a first set comprising
at least one peptide of from about 7 to 14 amino acid residues in length and a second set comprising at least one peptide
of from 15 amino acid residues or greater which peptides encompass all or part of a protein antigen. Each respective
set comprises from at least one peptide to a series of overlapping or non-overlapping peptides. The co-incubation of the
7 to 14 amino acid peptides and the ≥ 15 amino acid peptides derived from or corresponding to a protein antigen
representative for the disease or condition to be tested with the immune cells comprised in the sample results in a more
sensitive assay, thereby enabling earlier detection of immune cell and in particular lymphocyte stimulation than would
otherwise be possible. The ability to increase the sensitivity of a cell-mediated immune response assay advantageously
reduces the detection limit and/or allows the use of less sensitive means for detecting the effector molecules. Therefore,
using at least two sets of respective peptides in combination with a non-reducing sugar is beneficial. Without being
bound in theory or mode of action, it is believed that the two sets of peptides, the 7 to 14mer peptides and ≥15mer
peptides, enable detection by both CD4+ and CD8+ T-cells. The CD4+ T-cells recognize the >15 mer peptides and the
CD8+ T-cells recognize the 7 to 14 mer peptides. These peptides may be referred to herein as "CD4+ peptides" (≥15
mer peptides) or "CD8+ peptides" (7 to 14 mer peptides). Each set comprises at least one peptide and includes in an
embodiment a series of overlapping peptides. Hence, a first set may contain a series of overlapping peptides of from 7
to 14 amino acid residues in length. These peptides are recognized by CD8+ T-cells, (CD8+ peptides). A second set
may contain a series of overlapping peptides of greater than 15 amino acid residues in length. These peptides are
recognized by cytotoxic CD4+ T-cells (CD4+ peptides). Both sets of peptides may cover the entire length of or a part of
a protein antigen, e.g. a naturally occurring protein antigen representative for the disease or condition to be tested. The
peptides do not necessarily have to be overlapping or may overlap by a single amino acid or multiple amino acids. The
peptides include pods of peptides which encompass and thus cover from 80-100% of a protein antigen. From "80-100%"
means 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99 or 100%. Reference to a series of
overlapping peptides from about 7 to 14 amino acid residues in length which encompass all or part of a protein antigen
according to one embodiment means a peptide of from about 7 amino acid residues in length to a maximum of 14 amino
acid residues which in total span from every amino acid residues which in total span amino acid residues to up to 6
amino acid residues of a protein antigen from its N-terminal end to its C-terminal end or part thereof. Hence, if the length
of a given peptide is x amino acid residues in length wherein x is from about 7 to 14, then the extent of overlap between
two consecutive peptides is from x-1 to x-6. In an embodiment, the overlap of each consecutive peptide is x-1. A series
of overlapping peptides of ≥15 amino acid residues in length also spans all or part of a protein antigen wherein each
peptide is at least 15 amino acid residues in length or up to the length of the full protein antigen. In an embodiment, a
peptide of ≥15 amino acid residues in length is from 15 to 50 amino acids such as 15, 16, 17, 18, 19, 20, 21, 22, 23, 24,
25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49 or 50 amino acid residues.
[0044] The present disclosure includes the case where each peptide in the series or peptide set is the same length
(i.e. x). However, the series of peptides or peptide set may comprise a mixture of x1, x2, xj...xi peptides where according
to one embodiment each of xi peptides is from about 7 to 14 amino acid residues in length or ≥15 amino acid residues
in length. The CD4+ and/or CD8+ peptides can be divided into separate pools of peptides. They can be added separately
to the sample or can be included in one composition, preferably together with the non-reducing sugar. This composition
can then be contacted with the sample to prepare the incubation composition.
[0045] In some embodiments, one or more antigens are employed which mimic one or more of the effects of antigens
presented to the immune system in vivo. According to one embodiment, the antigen is selected from a self-antigen, an
antigen derived from or being cross-reactive with an antigen from a pathogenic organism, a metal or inorganic molecule
stimulating immune response or a tumor associated antigen. According to one embodiment, the antigen is derived from
and thus is cross-reactive with an antigen from a pathogen associated with a disease condition, or is a tumor associated
antigen associated with a cancer, or is a or is derived from a toxicant. According to one embodiment, the sample is
contacted with an antigen which is specific for the disease or condition for which the cell-mediated immune response is
to be tested, e.g. an antigen associated with or representative for a disease or condition to be assessed. According to
one embodiment, the antigen is a disease specific antigen, in particular a pathogen specific antigen. In some embodi-
ments, the pathogen is a bacterium, a virus, a parasite or a fungus. In one illustrative embodiment, the antigen is an
antigen from a mycobacterium, in particular Mycobacterium tuberculosis. Therefore, in some embodiments, the antigen
is a tuberculosis (TB)-specific antigen. E. g. the antigen can be a purified protein derivative from Mycobacterium tuber-
culosis or M. avium. In some embodiments, the antigen simulates mycobacterial proteins such as ESAT-6, CFP- 10 and
TB7, respectively TB7.7. In another illustrative embodiment, the antigen is from or is specific for a virus such as cytome-
galovirus (CMV).
[0046] Further examples of antigens, in particular disease specific antigens, are also described subsequently.
[0047] Additionally, the sample is contacted in step a) with a non-reducing sugar. A "non-reducing sugar" in particular
refers to a sugar which does not react with a detection reagent for reducing sugars, such as Fehling’s solution, Benedict’s
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reagent or Tollens’ reagent. A non-reducing sugar does not comprise a free reducing end and accordingly, does not
comprise a free aldehyde or free ketone group. The non-reducing sugar may have any length and may be linear or
branched. In certain embodiments, the non-reducing sugar comprises at least two monosaccharide units. According to
one embodiment, in any and all of the monosaccharide units of the non-reducing sugar the carbon atoms neighboring
the oxygen atom in the ring structure do not comprise a hydroxyl group and thus, do not comprise an anomeric hydroxyl
group. According to one embodiment, the ring structures of the monosaccharide units of the non-reducing oligosaccharide
do not comprise a hemiacetal or hemiketal group. According to one embodiment, the non-reducing sugar is an oligosac-
charide which comprises 10 monosaccharide units or less, more preferably 8 monosaccharide units or less, 6 monosac-
charide units or less, 5 monosaccharide units or less, 4 monosaccharide units or less, 3 monosaccharide units or less
or 2 monosaccharide units. Preferably, the non-reducing sugar is a disaccharide. According to one embodiment, the
glycosydic bonds are formed between the monosaccharide units by attaching the reducing end of one monosaccharide
unit to the reducing end of another monosaccharide unit. Preferred examples of the non-reducing sugar are sucrose
and trehalose. Furthermore, as is shown by the examples, mannitol and raffinose may also be used as non-reducing
sugar. Thus, according to one embodiment, the non-reducing sugar is selected from trehalose, mannitol, sucrose and
raffinose. As is demonstrated by the examples, these exemplary non-reducing sugars increase the magnitude of the
response. Trehalose is particularly preferred because experiments show that trehalose increases the magnitude of
response and thus may increase the assay sensitivity and furthermore, a composition comprising trehalose and an
antigen shows excellent storage stability. As is demonstrated by the examples, among the non-reducing sugars tested,
the response increasing effect was strongest with trehalose. However, the non-reducing sugar can also be a monosac-
charide, wherein, e.g., the reducing end is coupled to and thereby blocked by another chemical entity. Accordingly, the
non-reducing sugar may be derivatized. Examples of sugar derivatives are aminosugars wherein one or more hydroxyl
group is substituted by an amino group or an acetylamino group. In preferred embodiments, the non-reducing sugar is
not substituted and in particular is not derivatized. According to one embodiment, the non-reducing sugar is not a
polysaccharide. In certain embodiments, the non-reducing sugar is not bound to a protein, peptide or lipid or other
macromolecule. According to one embodiment, the non-reducing sugar is not comprised in a cell culture medium or
other medium. According to one embodiment, the non-reducing sugar is not comprised in a liquid. The non-reducing
sugar is metabolizable by immune cells comprised in the sample. According to one embodiment, the non-reducing sugar
is a non-reducing sugar which when present in an appropriate concentration in the incubation composition comprising
the sample and the antigen is capable of increasing the release of interferon gamma by re-stimulated T-cells.
[0048] By contacting the sample with the antigen, the non-reducing sugar and optionally further additives, an incubation
composition is provided. Preferably, said incubation composition is incubated above room temperature and thus at
elevated temperatures. Preferably, the incubation temperature is above 30°C, preferably above 35°C. Suitable ranges
for the incubation temperature include 30°C to 40°C, preferably 35°C to 40°C. Conveniently, the incubation composition
is incubated at 37°C +/- 1°C. Preferably, the incubation composition is incubated for at least 2 hours at such elevated
temperatures to allow stimulation of the immune cells by the antigen and the production of immune effector molecules.
The incubation step may be from 2 to 50 hours, such as 2 to 40 hours, 5 to 30 hours, 8 to 24 hours, 16 to 24 hours, or
a time period in between including 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26,
27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49 or 50 hours. In some embodiments,
after an optional initial mixing step to distribute the antigen(s), the non-reducing sugar and the sample throughout the
incubating composition, incubation is carried out without mixing further.
[0049] In the incubation composition, the non-reducing sugar is present in a concentration wherein it is effective to
enhance the stimulation, respectively re-stimulation of the cells of the immune system by the antigen. Therefore, the
non-reducing sugar is added in a concentration wherein in a positive sample, i.e. a sample which is immunoresponsive
to the antigen, the addition of the non-reducing sugar to the incubation composition increases the level of produced
immune effector molecules, preferably interferon gamma, compared to if the non-reducing sugar is not added. Thus,
the non-reducing sugar is added in a concentration wherein it enhances the immune effector molecule response mag-
nitude as more immune effector molecules are produced in a sample that shows a cell-mediated immune response.
Preferably, the non-reducing sugar is used in a concentration wherein it enhances the immune effector molecule response
by at least 1.1 fold, preferably by at least 1.2 fold, more preferred by at least 1.3 fold. According to one embodiment, the
non-reducing sugar maintains the ability of the immune cells comprised in the sample to mediate a respective response
over prolonged time periods. According to one embodiment, the concentration of the non-reducing sugar in the incubation
composition is at least 1 mg/ml, at least 1.5 mg/ml, preferably at least 1.75 mg/ml, more preferred at least 2 mg/ml.
Exemplary ranges include but are not limited to 1 mg/ml to 20mg/ml, 1.5 mg/ml to 17.5 mg/ml, 2 mg/ml to 15mg/ml, 3
mg/ml to 15mg/ml, 4 mg/ml to 12.5 mg/ml and 5 mg/ml to 10mg/ml. As is shown by the examples, these ranges are e.g.
suitable for trehalose. They are also suitable for other non-reducing sugars such as sucrose, mannitol and raffinose as
is demonstrated by the examples. According to one embodiment, the concentration of the non-reducing sugar in the
incubation composition lies in a range of 1.5mg/ml to 10mg/ml, e.g. 1.75mg/ml to 7.5mg/ml or 2mg/ml to 5mg/ml. Suitable
concentrations can also be determined by the skilled person following the teachings described herein.
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[0050] One or more further additives can be added and thus be included in the incubation composition. E.g. one or
more additives can be added that are necessary or advantageous for sample preparation and/or sample preservation
such as e.g. a suitable anticoagulant if the sample is a blood sample. Preferably, the anticoagulant is heparin. Additives
should not be comprised in a concentration wherein they could interfere with the cell-mediated immune response.
According to one embodiment, no simple sugar is added to the incubation composition in addition to the non-reducing
sugar. According to one embodiment, no reducing sugar, in particular no reducing monosaccharide is added to the
incubation composition in addition to the non-reducing sugar.
[0051] According to one embodiment, the sample is contacted with a composition which comprises the antigen and
the non-reducing sugar. This embodiment is particularly advantageous, because the user does not have to add the non-
reducing sugar separately to the incubation composition. To provide such ready-to-use compositions avoids handling
errors and saves hands on time. Optionally, a diluent or solvent is comprised in the composition comprising the antigen
and the non-reducing sugar. Furthermore, one or more additives can be included in said composition if they are to be
included in the incubation composition. The additives should not interfere with the cell-mediated response. According
to one embodiment, the composition additionally comprises an anticoagulant, preferably heparin. According to one
embodiment, the composition does not comprise a simple sugar. According to one embodiment, the composition does
not comprise a reducing sugar, in particular it does not comprise a reducing monosaccharide.
[0052] To prepare the incubation composition, the composition comprising the antigen, the non-reducing sugar and
optionally comprising one or more further additives such as an anticoagulant in case of a blood sample, is contacted
with the sample. The sample can be added to the composition or vice versa. For preparing the incubation composition,
the sample, the antigen, the non-reducing sugar and the further additive (if present) preferably is mixed.
[0053] Examples of suitable composition forms include liquid compositions, semi-liquid compositions, gel-like compo-
sition and solid compositions, in particular dried compositions. According to one embodiment, the composition comprising
the antigen, the non-reducing sugar and optionally a further additive is comprised in a sample collection vessel, preferably
a sample collection tube such as a blood collection tube. This is particularly convenient as the sample is directly contacted
with the composition upon collection. According to one embodiment, the composition comprising the antigen, the non-
reducing sugar and optionally a further additive is spray-dried to the interior of the sample collection vessel. Spray-drying
methods are well-known in the prior art and therefore, do not need any detailed description here.
[0054] According to one embodiment, the sample is obtained from a subject and is not diluted such as e.g. with tissue
culture, medium, excipients or other liquid agents prior to contact with the non-reducing sugar and/or the antigen.
According to one embodiment, the incubation composition comprises at least 10% by volume sample. The term "at least
10% by volume" includes sample volumes of 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28,
29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59,
60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90,
91, 92, 93, 94, 95, 96, 97, 98, 99 and 100% by volume of total incubation composition volume.
[0055] As is shown by the examples, adding a non-reducing sugar in step a) surprisingly increases the release of
immune effector molecules, such as in particular interferon gamma, thereby increasing the sensitivity of the assay. This
effect was highly surprising as so far it was believed that this effect can only be achieved by simple sugars and thus by
reducing monosaccharides. Furthermore, it was found that compositions comprising the antigen and a non-reducing
sugar show an improved storage-stability even at elevated temperatures. The effect observed with reducing sugars that
the assay sensitivity and quality may diminish over time is not seen with non-reducing sugars. Therefore, the present
invention makes an important contribution to the prior art by providing a sensitive and storage-stable assay which
maintains the assay performance also over prolonged storage periods. The teaching of the present invention conveniently
allows to provide the antigen and the non-reducing sugar in form of a storage-stable composition. In the present invention,
the non-reducing sugar is not used as stabilizer for the antigen. It was shown by experiments that antigens, in particular
peptide antigens, are very storage stable. Therefore, no decrease in the assay performance is seen if the antigen is
stored in the absence of a sugar. Therefore, the non-reducing sugar is used to enhance the assay sensitivity, in particular
by enhancing the production and/or release of immune effector molecules, in particular of cytokines such as interferon
gamma.

Step (b)

[0056] In step (b), the presence or elevation in the level of an immune effector molecule is detected. As described
above, the presence (which includes the absence) or level of an immune effector molecule is indicative of the level or
capacity of cell-mediated immune responsiveness of the subject against the tested antigen. In particular, said method
allows to determine whether said subject has previously encountered the tested antigen or an antigen that shows cross-
reactivity with the tested antigen such as the pathogen to be detected Thereby, it can be determined whether the subject
is capable of eliciting a cell-mediated immune response against said antigen, respectively the antigen, pathogen or
disease the tested antigen is representative for.
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[0057] The detection of the immune effector molecule may occur at the peptide or protein level or at the nucleic acid
level, in particular, the immune effector molecule mRNA expression level. Consequently, reference to detecting the
"presence or level" of the immune effector molecule includes direct and indirect data. For example, the presence or
amount of immune effector molecules can be directly determined using appropriate detection methods such as ELISA
or ELISpot. However, in one embodiment, the presence or level of the immune effector molecule is measured based
on its RNA expression level. High levels of immune effector molecule mRNA are indirect data showing increased levels
of the immune effector molecule. Suitable methods for determining the mRNA expression level of a target gene are well-
known in the prior art and therefore, do not need any detailed description. Accordingly, in some embodiments, the
immune effector molecule may be detected using ligands or binding molecules such as antibodies specific for the effector
molecule or by measuring the level of expression of genes encoding the immune effector molecule.
[0058] The immune effector molecules to be detected may be any of a range of molecules which are produced in
response to cell activation, stimulation or re-stimulation by an antigen. Also, more than one immune effector molecule
or a pattern of immune effector molecules released upon contact of the sample with the tested antigen can be detected
in step (b). The immune effector molecule to be measured may be produced by immune cells, in particular can be
produced by lymphocytes such as T-cells, in particular CD4+ helper T-cells and/or CD8+cytotoxic T-cells. Thus, in some
embodiments, the method is based upon measuring the production of one or more immune effector molecules by cells
of the immune system, in particular T-cells, in response to antigenic stimulation. However, also non-immune cells may
release immune effector molecules in response to stimulation, respectively re-stimulation, of immune cells by the antigen
as they are stimulated by the immune effector molecules that are released by the immune cells, in particular by immune
effector molecules such as IFN-gamma released by re-stimulated T-cells. These immune effector molecules can also
be an important source of information. Therefore, according to an embodiment, the immune effector molecule to be
detected may be the immediate effector molecule produced by effector T cells in response to antigen re-stimulation. In
other embodiments, a downstream immune effector molecule is measured. For example, IFN-gamma or other immediate
immune effector molecules produced by immune cells, in particular by T-cells that are (re)stimulated by the tested
antigen, can be measured in step (b). However, as described above, these molecules often induce or enhance the
production of further immune effector molecules by other cells. The production of these further (downstream) immune
effector molecules may also be measured in step (b). The present invention also encompasses detecting more than
one type of immune effector molecule in step (b). According to one embodiment, the presence or level of a pattern of
immune effector molecules is detected in step (b) either alone or in addition to immediate immune effector molecules
such as IFN-gamma. A respective pattern comprises more than two, preferably more than three different immune effector
molecules. Analyzing a respective pattern can provide valuable information of the immune status of the subject. E. g.
specific immune effector molecules or patterns of immune effector molecules can be characteristic for specific diseases.
[0059] According to one embodiment, the immune effector molecule to be measured in step (b) is a cytokine such as
a lymphokine, interleukin or chemokine. An interferon (IFN) such as IFN-gamma is a particularly useful as immune
effector molecule to be determined. Other examples of immune effector molecules include, but are not limited to a range
of cytokines such as interleukins (IL), e.g. IL-2, IL-4, IL-6, IL-8 (CXCL8), IL-10, IL-12, IL-13, IL-16 (LCF) or IL-17, IL-1α
(IL-1F1), IL-1β (IL-1F2), IL-1rα (IL-1F3), Tumor Necrosis Factor alpha (TNF-α), Transforming Growth Factor beta (TGF-
β), a Colony Stimulating Factor (CSF) such as Granulocyte (G)-CSF or Granulocyte Macrophage (GM)-CSF, complement
component 5a (C5a), Groα (CXCL1), sICAM-1 (CD54), IP-10 (CXCL10), I-TAC (CXCL11), MCP-1 (CCL2), MIF (GIF),
MIP-1α (CCL3), MIP-1β (CCL4), Serpin E1 (PAI-1), RANTES (CCL5) or MIG (CXCL9). In some embodiments, the
present disclosure provides methods wherein the immune effector molecule to be detected in step (b) is a cytokine, a
component of the complement system, perforin, defensin, cathelicidin, granzyme, Fas ligand, CD-40 ligand, exotaxin,
a cytotoxin, a chemokine or a monokine. In preferred embodiments, the immune effector molecule detected in step (b)
is IFN-gamma. Thus, according to a preferred embodiment, the present disclosure provides a method for measuring a
cell mediated immune response in a subject, said method comprising collecting a sample from said subject into a
collection vessel wherein said sample comprises cells of the immune system which are capable of producing IFN-gamma
following stimulation by an antigen, incubating said sample with an antigen and a non-reducing sugar and then measuring
the presence of or elevation in the level of an IFN-gamma wherein the presence or level of IFN-gamma is indicative of
the capacity of said subject to mount a cell-mediated immune response.
[0060] Also a combination of immune effector molecules can be detected in step (b). Thus, step (b) in particular
comprises detecting an immune effector molecule or combination of immune effector molecules, in particular cytokines,
released in response to the stimulation with the antigen and characteristic for the disease or condition to be analyzed.
Furthermore, the level of the one or more immune effector molecule may be screened alone or in combination with other
biomarkers or disease indicators.
[0061] According to one embodiment, the immune effector molecule is detected by using a ligand which specifically
binds the immune effector molecule. Ligands to the immune effectors are particularly useful in detecting and/or quanti-
tating these molecules. Cells comprised in the incubation composition can be removed prior to detecting the immune
effector molecule. Techniques for the detection assays that can be used in step (b) are known in the art and include, for
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example, radioimmunoassays, sandwich assays, ELISA and ELISpot. Antibodies to the immune effectors are particularly
useful as ligands. Reference to "antibodies" includes parts of antibodies specifically binding the immune effector molecule
such as Fab fragments, mammalianized (e.g. humanized) antibodies, deimmunized antibodies, recombinant or synthetic
antibodies and hybrid and single chain antibodies. Both polyclonal and monoclonal antibodies are obtainable by immu-
nization with the immune effector molecules or antigenic fragments thereof and either type is utilizable for immunoassays.
Methods of obtaining both types of antibodies are well known in the art. Polyclonal antibodies are less preferred but are
relatively easily prepared by injection of a suitable laboratory animal with an effective amount of the immune effector,
or antigenic part thereof, collecting serum from the animal and isolating specific sera by any of the known immunoad-
sorbent techniques. Although antibodies produced by this method are utilizable in virtually any type of immunoassay,
they are generally less favored because of the potential heterogeneity of the product. The use of monoclonal antibodies
in an immunoassay is particularly useful because of the ability to produce them in large quantities and the homogeneity
of the product. The preparation of hybridoma cell lines for monoclonal antibody production derived by fusing an immortal
cell line and lymphocytes sensitized against the immunogenic preparation can be done by techniques which are well
known to those who are skilled in the art. Antibodies against specific immune effector molecules are also commercially
available
[0062] According to one embodiment, step (b) comprises contacting the incubation composition or a portion thereof,
such as e.g. a cell-depleted portion thereof, with an antibody or a fragment thereof specific for the immune effector
molecule to be detected for a time and under conditions sufficient for an antibody-effector complex to form, and then
detecting said complex. As described above, cells comprised in the incubation composition may be removed e.g. by
centrifugation prior to detection. E. g. when using blood as sample, cells can be separated from the incubation composition
after incubation and thus production and release of immune effector molecules prior to detection, thereby basically
providing a plasma sample.
[0063] A wide range of immunoassay techniques are available as can be seen by reference to U.S. Patent Nos.
4,016,043, 4,424,279 and 4,018,653. Respective assays that can be used in conjunction with cell-mediated immune
response tests described herein to detect the produced immune effector molecules are also described in
WO2004/042396, WO2008/113119, WO2010/009494 and WO2011/075773. Also Clay et al. "Assays for monitoring
cellular immune responses to active immunotherapy of cancer; Clinical Cancer Research 2001; 7:1127-1135" describe
several methods for monitoring cellular immune responses, thereby also describing suitable assays for detecting the
immune effector molecules produced in response to antigen (re)stimulation. Therein, e.g. ELISA-based assays, ELISpot
assays and nucleic acid-based assays such as the measurement of cytokine mRNA levels by real-time quantitative RT-
PCR are described. Optionally, when determining the level of immune effector molecule based on its RNA expression
level, the obtained data can be normalized to the expression of control gene, such as for example CD8. Respective
methods can also be used in conjunction with the present invention to detect the produced immune effector molecules.
According to one embodiment, a nucleic acid based assay for detecting the presence or level of an immune effector
molecule is used. Nucleic acids, in particular RNA, can be isolated from the incubation composition or the cellular portion
thereof using standard methods well-known in the prior art. Preferably, the presence or elevation of the expression of
the immune effector molecule is detected in this embodiment using amplification based assays, preferably PCR based
assays. Isolated RNA can first be reverse transcribed to cDNA prior to amplification using primers and/or probes specific
for the immune effector molecule to be detected. Preferably, the detection is quantitative. One suitable method is quan-
titative real-time RT (reverse transcription) PCR.
[0064] Preferably, the detection of the immune effector molecule in step (b) is a quantitative detection.

Specific embodiments

[0065] Specific and preferred embodiments of the method according to the present invention and disclosure and
components used therein will be described in the following.
[0066] As described above, in step (a), one or more additional additives may be included in the incubation composition.
According to one embodiment, an agent is added to the incubation composition to modulate the activity of regulatory T-
cells (T-reg cells). The latter encompasses inhibiting the suppressor function of T-reg cells. Agents which modulate T-
reg cells encompassed herein include but are not limited to a CD25 ligand, a sense or antisense oligonucleotide to
genetic material encoding JAK1 or TYK2, a neutralizing antibody, a CpG containing oligonucleotides, an oligonucleotide
acting as a toll-like receptor (TLR) modulating agent, and other TLR modulating agents. In a particular embodiment, the
T-reg cells are immune response suppressor cells the activity of which is inhibited by the modulating agent. A "CpG
molecule" means an oligonucleotide comprising a CpG sequence or motif. Examples of inhibitors or modulators of T-
reg function include CD25 ligands including but not limited to a polyclonal or monoclonal antibody to CD25 or an antigen-
binding fragment thereof, humanized or deimmunized polyclonal or monoclonal antibodies to CD25 or a recombinant
or synthetic form of the polyclonal or monoclonal antibodies. Other examples of agents include sense or antisense
nucleic and molecules directed to the mRNA or DNA encoding Janus Tyrosine Kinase 1 (JAK1) or Tyrosine Kinase 2
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(TYK2) or small molecule inhibitors of JAK1 or TYK2 proteins. Reference to "small molecules" includes immunoglobulin
new antigen receptors (IgNARs) as described in International Patent Publication No. WO 2005/118629. Yet still further
examples of suitable agents stimulating agents such as CpG molecules which act via Toll-like receptors (TLRs) and/or
other mechanisms. Hence, CpG containing oligonucleotides and an oligonucleotide acting as a TLR modulating agent
also form part of the present disclosure. A single type of agent may be used or two or more types of agents may be
employed to modulate T-reg cells. For example, the assay may be conducted with a CD25 ligand and a JAK1/TYK2
sense or antisense oligonucleotide; a CD25 ligand and a TLR modulating agent; a JAK1/TYK2 sense or antisense
oligonucleotide and a TLR modulating agent; or a CD25 ligand, a JAK1/TYK2 sense or antisense oligonucleotide and
a TLR modulating agent. Alternatively, just one type of agent is employed. In another alternative, a CpG comprising
oligonucleotide and a TLR modulating agent is used. Respective T reg modulating agents may be added separately to
the sample and/or the incubation composition or may be included in the composition comprising the antigen and/or the
non-reducing sugar.
[0067] According to one embodiment, the method according to the present invention comprises

(a) preparing an incubation composition by contacting a whole blood sample obtained from a human subject with
a composition comprising at least one peptide antigen and at least one non-reducing disaccharide, preferably
trehalose or sucrose, and incubating the incubation composition for at least 2 hours above room temperature; and
(b) detecting the presence or level of IFN-gamma;

wherein the presence or level of IFN-gamma is indicative of the level of cell-mediated immune responsiveness of the
human subject.
[0068] Preferably, the peptide antigen is an antigen specific for a disease or pathogen. Non-limiting examples of
pathogens are described herein. According to one embodiment, the pathogen is a virus and the method allows to
determine whether the human subject has the capacity to mount an anti-viral cell-mediated immune response.
[0069] According to one embodiment, the method additionally comprises

(c) comparing the detected immune effector molecule level or a value derived therefrom with a reference-level.

[0070] Step (c) comprises comparing the determined immune effector molecule level or a value derived therefrom
with a reference-level. This embodiment is particularly useful for diagnosing a pathogen infection for which the antigen
is representative. If said subject is infected with the pathogen, the determined immune effector molecule level or a value
derived therefrom is above the reference-level and if said subject is not infected with the pathogen, the determined
immune effector molecule level or a value derived therefrom is below the reference-level. The same principle applies
for determining if said subject is capable of mounting a cell mediated immune response against a pathogen for which
the antigen is representative.
[0071] According to one embodiment, the sample is divided into at least two fractions and in step (a) the first fraction
of the sample is contacted with an antigen and a non-reducing sugar to generate a response sample and wherein the
second fraction of the sample is contacted with an inactive solution to generate a negative control (nil) sample. In step
(b) of this embodiment, the presence or level of the immune effector molecule is determined in the two fractions. In step
(c), the antigen-dependent immune effector molecule response of the sample is determined by subtracting the immune
effector molecule level determined in the negative control sample from the immune effector molecule level determined
in the response sample. The antigen-dependent immune effector molecule response or a value derived therefrom is
then compared with a reference-level, thereby providing an aid in determining whether the subject has previously en-
countered the antigen. Thereby, it can e.g. be determined whether the subject has generated immunological reactivity
to the antigen, is at risk of developing a disease and/or is susceptible to an infection with a pathogen.
[0072] Optionally, the method may further comprise dividing the sample into at least three fractions and incubating
the third fraction of the sample with a T cell activator such as a mitogen to generate a positive control sample. Here, the
immune cells may be incubated in e.g. three separate populations: negative control sample (e.g. saline), antigen stim-
ulated response sample and positive control sample (using e.g. a T-cell activator, e.g. a mitogen such as phytohemag-
glutinin). Thus, according to one embodiment, the sample is divided into at least three fractions. In step (a) the first
fraction of the sample is contacted with an antigen and a non-reducing sugar to generate a response sample, the second
fraction of the sample is contacted with an inactive solution to generate a negative control sample and the third fraction
of the sample is contacted with a stimulatory solution (comprising e.g. a mitogen) to generate a positive control sample.
In step (b) of this embodiment, the presence or level of the immune effector molecule is determined in the three fractions.
In step (c), the antigen-dependent immune effector molecule response of the response sample is determined by sub-
tracting the immune effector molecule level determined in the negative control sample from the immune effector molecule
level determined in the response sample and comparing the antigen-dependent immune effector molecule response or
a value derived therefrom with a reference-level; the immune effector molecule response of the positive control sample
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is determined by subtracting the immune effector molecule level determined in the negative control sample from the
immune effector molecule level determined in the positive control sample and comparing the resulting immune effector
response with a reference-level or a value derived therefrom. Thereby, it can be determined whether the subject has
previously encountered the tested antigen or an antigen which shows cross-reactivity thereto and thus generated im-
munological reactivity to the antigen. This provides a valuable aid in determining e.g. whether the subject has an active,
a recent, or a latent infection, or if the subject is responding to treatment, is going to develop an infection or disease, or
is immune-suppressed. E.g. if the antigen-dependent immune effector molecule response is above the reference level,
the result can be assessed as being positive, i.e. that the subject is capable of a cell-mediated response against said
antigen. If the antigen-dependent immune effector molecule response is below the reference level and the positive
control dependent immune effector response is above the reference level, the result can be assessed as being negative,
i.e. that the subject is not capable of a cell-mediated response against said antigen.
[0073] The mitogens that can be used in the present invention as positive control encompass all mitogens known by
the skilled person and include but are not limited to phytohaemagglutinin (PHA), concanavalin A (conA) lipopolysaccharide
(LPS) and pokeweed mitogen (PWM). Other examples of immune stimulants besides mitogens that can be used for
providing a positive control include but are not limited to chemical compounds such as R848.
[0074] As described above, in some embodiments, the vessel in which sample, antigen and non-reducing sugar are
co-incubated is also the collection container used to collect the sample from the subject. Any one of a large number of
different available containers may be used provided that they provide suitable sample dimensions. In some embodiments,
the vessel is a tube which comprises a vacuum to facilitate the collection of the sample such as blood from a subject.
Respective evacuated blood collection tubes are well-known in the prior art and thus, do not need any detailed description
herein. In other embodiments, the vessel is a capillary tube. In some embodiments, a capillary tube is used to collect
blood from the surface of the skin by capillary action. In some embodiments, the sample is collected from a subject into
a collection vessel containing at least one antigen, at least one non-reducing sugar and at least one anticoagulant,
preferably heparin, or to which an antigen, a non-reducing sugar and an anticoagulant, preferably heparin, is subsequently
added. In some embodiments, blood is sampled using a capillary sampling device such as a pin prick device and blood
is collected into a heparinised collecting container and subsequently transferred into an appropriate container for co-
incubation with the antigen and the non-reducing sugar. Preferably, the antigen, the non-reducing sugar and optionally
the anticoagulant are provided in form of a single composition as described above. In some embodiments, whole blood
from a subject is collected into a container containing the antigen, the non-reducing sugar and optionally the anti-
coagulant. In other embodiments, the antigen, the non-reducing sugar and/or anticoagulant are added to the whole
blood sample after collection.
[0075] The present invention is particularly useful for screening for exposure to pathogens, in particular mycobacteria
such as M. tuberculosis. Hence, the present disclosure teaches a method for measuring cell-mediated immune response
activity in a subject, the method comprising contacting a sample comprising immune cells capable of producing immune
effector molecules following stimulation by an antigen with a tuberculosis specific antigen and with a non-reducing sugar.
The peptide(s) used as antigen may encompass all or part of a protein antigen of M. tuberculosis. After incubation, the
level of an immune effector molecule, preferably interferon gamma, produced by the immune cells is determined wherein
the level of the immune effector molecule is indicative of the level of cell-mediated immunoresponsiveness of the subject
to M. tuberculosis.
[0076] ESAT-6 is a six kDa early secretary antigenic target of M. tuberculosis. The ESAT-6 protein (early secreted
antigenic target 6) is a major secreted antigen which has been purified from M. tuberculosis short-term culture filtrates.
As referred herein ESAT-6, CFP- 10(culture filtrate protein 10) and 85B can be obtained from cell lysate and purification,
by recombinant techniques or produced as synthetic peptides. For example ESAT6 can be obtained as a recombinant
protein from Statens Serum Institute (SSI, Copenhagen Denmark). Other suitable target protein antigens for M. tuber-
culosis include TB7.7 and TB37.6. CFP10 is also known as ESAT-6-like protein eesxB and secreted antigenic protein
MTSA-10.
[0077] Tuberculin or PPD (purified protein derivative) differs from ESAT-6 (early secreted antigenic target 6), CFP-I0
(culture filtrate protein 10), and TB7.7 which are encoded by genes (in the RD-I region) located only within the M.
tuberculosis genome and are not contained in BCG (the Bacille of Calmette et Guerin). It differs from PPD because PPD
also contains other antigens that are shared with e.g. BCG sub-strains and with several non-tuberculous mycobacterial
species with low or no pathogenicity. According to one embodiment, PDD is used as antigen. Specifically as used herein
the term Purified Protein Derivative (PPD or tuberculin) is a precipitate of non-species-specific molecules. PPD or
tuberculin is obtained by extracting proteins from a mixture of M. tuberculosis or other mycobacteria such as M. avium.
PPD is commonly employed in testing for the presence of cellular immunity or Thl response generated either against
BCG or against M. tuberculosis. For example, it can be obtained from the TubersolB of Connaught Laboratories Limited
prepared from a large Master Batch, Connaught Tuberculin (CT68), or in the form of RT23 obtained from the Statens
Serum Institute (SSI, Copenhagen Denmark).
[0078] Preferably, the antigen is selected from CFP10, ESAT-6, TB7.7 and TB37.6 from Mycobacterium tuberculosis.
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According to one embodiment, the antigen is provided by peptides corresponding to these protein antigens and/or
showing cross-reactivity thereto.
[0079] In an embodiment, the sample is contacted with a combination of CD4+ and CD8+ peptides, which were described
in detail above. We refer to the above disclosure.
[0080] The cells of the immune system lose the capacity to mount a cell mediated immune response in whole blood
after extended periods following blood draw from the subject, and responses without intervention are often severely
reduced or absent by 24 hours following blood draw. The reduction of labor and need for specialized equipment in the
present invention allows cell mediated immune response stimulation with antigens to be performed at the point of care
locations such as physicians’ offices, clinics, outpatient facilities and veterinary clinics or on farms. Once antigen stim-
ulation is complete, the requirement for fresh and active cells no longer exists. IFN-gamma and other cytokines or
immune effector molecules released due to the stimulation with the antigen are stable in cell-free or cell-depleted fluids
such as plasma and, thus, the sample can be stored, or shipped without special conditions or rapid time requirements
in a similar fashion to standard plasma or serum samples used for other infectious disease or other disease diagnosis.
Therefore, a detection of the actual released immune effector molecules is preferred. However, the cells comprised in
the incubation composition or the whole incubation composition can be contacted after incubation with a nucleic acid
stabilizing composition which comprises reagents that stabilize the RNA expression pattern if the presence or level of
immune effector molecule is determined based on the RNA expression level of the immune effector molecule. Several
stabilizing compositions are commercially available. E.g. PreAnalytiX provides compositions that contain reagents for
an immediate stabilisation of the RNA gene expression profile in blood. The respective compositions can also be used
to stabilize the RNA gene expression profile of the cells comprised in the incubation composition. The respective stabi-
lisation composition allows the transport and storage at room temperature without the risk of changes in the RNA profile
by gene induction and transcript degradation (see for example US 6,617,170, US 7,270,953, Kruhoffer et al., 2007). The
respective compositions are sold under the name of PAXgene Blood RNA Tubes.

Applications, diseases and conditions

[0081] Non-limiting applications, including uses, diseases and conditions will be described in the following. As is
apparent therefrom, the method according to the invention as well as the compositions and kits described herein can
be widely used in the medical and diagnostic field and e.g. can be used in in vitro assays suitable for analysing the cell-
mediated responsiveness of patients. Furthermore, the method according to the invention as well as the compositions
and kits described herein are valuable analytical tools in order to test the capability of agents such as e.g. cancer
immunotherapeutics to stimulate and thus enhance cell mediated immunity.
[0082] The method taught herein enables e.g. the detection of the presence or absence or level or stage of a disease
or condition in a subject such as an infection by a pathogenic agent, an autoimmune disease, cancer, exposure to an
inflammatory agent, exposure to a medicament, exposure to a toxic proteinaceous agent and immunodeficiency or
immunosuppression conditions such as induced by a disease condition or induced by pharmaceutical agents. The ability
to reliably and sensitively measure cell-mediated immunity is e.g. important for assessing a subject’s ability to respond
to an infection by a pathogenic agent such as a microorganism, virus or parasite, to mount an autoimmune response,
to respond to a vaccine or immunotherapeutic, to protect against cancers or other oncological conditions, to detect an
inflammatory condition or to detect exposure or sensitivity of a subject to a toxic agent such as beryllium or environmental
agents. The assay described herein enables early and/or more sensitive detection of immunoresponsiveness. The assay
described herein also enables and aids to the detection of disease conditions which lead to immunosuppression or to
detect an immunosuppression induced by medicaments. Consequently, "measuring a cell-mediated immune response
in a subject" as taught herein has many useful applications in the medical field and non-limiting uses and application
will be described subsequently.
[0083] E.g. the method described herein can be used for immune diagnosis of infectious and autoimmune diseases,
as marker for immunocompetence, as well as a marker for inflammatory diseases, allergens, cancer, the effect of
immunotherapeutics, and as marker for toxic agents. Furthermore, the method is generally useful for the detection of
T-cell responses to endogenous and/or exogenous antigens (including a measure of the efficacy of a vaccine).
[0084] Cell-based, functional immune response assays have also gained acceptance as surrogate markers of efficacy
in the development of vaccines, immunotherapeutics and biologics that impact immune responses. The assays can be
used in academic settings, in pharma settings and in the research and development of vaccines and biologics. Evaluation
of functional capacity of immune cells is critical to understanding several disease conditions and the efficacy of therapeutic
strategies directed towards them. Immune cells are either responsible for prevention or therapy, for example in infectious
diseases like HIV, or responsible for the disease condition itself, for example in autoimmune disease conditions. Self-
antigen-specific reactivity can be measured in patients afflicted with an autoimmune disease such as multiple sclerosis
using the method according to the present invention. The present invention provides assays that are useful for these
purposes.
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[0085] Numerous cancer immunotherapy strategies are currently being tested in clinical trials. Although clinical efficacy
will be the final test of these approaches, the long and complicated development pathway for these items necessitates
evaluating immunological responses as intermediate markers of the most likely candidates for success. This has em-
phasized the need for assays that accurately detect and quantitate T-cell-mediated, antigen-specific immune responses.
For respective immunotherapeutic agents, which, e.g., are not necessarily expected to cause tumor regression, but still
have a beneficial effect on the disease, a biological marker must be chosen based on the presumed mode of activity.
For immunotherapy, such a marker is the stimulation of the tumor antigen-specific immune response detectable by one
or more immunological assays. Here, preferably assays are used that evaluate the function of CD8+cytotoxic T-cells
that directly recognize tumor peptides presented by MHC molecules on the surface of a tumor cell as a trigger for direct
cytolysis and CD4+helper T-cells, particularly T helper type 1 responses, that lead to cytotoxic T-cell generation. The
present invention provides assays that are useful for that purpose due to their sensitivity and reliability. Thus, the method,
kits and compositions described herein can be used to analyze whether a pharmaceutical agent such as e.g. a cancer
immunotherapeutic is capable of enhancing cell-mediated immunity. This can be tested e.g. on a general level using
available, e.g. standardized, immune cells (examples are described above), or may also be tested in an individual patient
in order to analyse whether the specific immunotherapeutic such as e.g. a cancer immunotherapeutic is capable of
enhancing cell-mediated immunity in said patient. Such assay is valuable for clinical development as well as in the later
therapeutic setting in order to analyse whether a patient benefits from a therapy with an immunotherapeutic. Examples
of immunotherapeutics include but are not limited to biologics such as therapeutic antibodies that enhance the activity
of T-cells, in particular cytotoxic T-cells. The mode of action is not relevant as long as it results in or is supposed to result
in a stimulation/increase of cell-mediated immunity. For example, the activity can be enhanced by direct stimulation of
the immune cells or by reducing or turning off inhibitory mechanisms that negatively affect the activity of said T-cells,
thereby also indirectly stimulating/increasing cell-mediated immunity. One example is the cancer immunotherapeutic
antibody Ipilimumab.
[0086] Furthermore, the method according to the present invention can be used to detect the presence, absence, level
or stage of a disease or condition in a subject, wherein the presence or level of the immune effector molecule detected
using the method according to the present invention is indicative of the disease or condition.
[0087] Furthermore, the method according to the present invention can be used to determine whether an agent or a
disease condition induces or is associated with immunosuppression in a subject, wherein the presence or level of the
immune effector molecule detected using the method according to the present invention is indicative of the extent of
immunosuppression induced by the agent or induced by or associated with the disease condition.
[0088] One aspect of the present application includes methods that demonstrate the cell-mediated immune respon-
siveness of a subject by measuring responsiveness to a particular antigen using the method according to the present
invention. In an embodiment, a sample such as whole blood, an enriched white blood cell fraction or bronchoalveolar
lavage may be obtained from a subject having or suspected of developing a particular disease (e.g. autoimmune disease,
a disease caused by an infection with a pathogenic agent, or exposure to a toxic agent) and the immune responsiveness
is measured by using the method of the present invention e.g. by detecting immune effector molecules released from
effector T-cells (e.g. CD4+ T-cells and/or CD8+ cytotoxic T-cells) in response to stimulation by the antigen.
[0089] The method of the present invention is particularly useful in detecting and/or monitoring a disease or condition
including the level or stage of the disease or condition in a subject such as an infection by a pathogenic agent, an
autoimmune disease, cancer or an inflammatory condition. Other conditions include exposure to toxic agents such as
beryllium. The assay of the present invention is also useful in monitoring therapeutic protocols.
[0090] The presence or level of the immune effector molecule produced in response to the tested antigen is indicative
of the level of cell-mediated responsiveness of the subject. In particular the level of responsiveness is indicative of the
presence or absence or level or stage of a disease or condition selected from the list comprising an infection by a
pathogenic agent, an autoimmune disease, a cancer, an inflammatory condition and exposure to a toxic agent. In
particular, the presence or level of the immune effector molecule is indicative of the presence, absence, level or stage
of a disease or condition for which the tested antigen is representative.
[0091] The method may also be used for monitoring a response to a therapeutic protocol for a disease or condition
in a subject. The presence, level or pattern of produced immune effector molecule may be indicative of the efficacy of
the therapeutic protocol.
[0092] The method of the present invention may also be referred to as an "assay". The method is an ex vivo method.
The assay described herein is useful inter alia in assessing the general immune responsiveness of a subject or is useful
for detecting the responsiveness to specific disease conditions such as an autoimmune disease, Celiac’s disease, cancer
or infection by a pathogenic organism or agent, exposure to a toxic agent or medicament and immunodeficiency or
immunosuppression conditions such as induced by a disease condition or by a therapeutic agent.
[0093] In one embodiment, the subject is a human and the cell-mediated immune response assay is used in screening
for responsiveness to pathogenic microorganisms, viruses and parasites, potential for development or monitoring an
autoimmune condition, Celiac’s disease, monitoring a subject’s response to oncological challenge and for determining
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the presence of any immunodeficiency or immunosuppression. The latter may occur, for example, due to certain med-
icaments including various chemotherapeutic agents. Alternatively, exposure to environmental toxicants and pollutants
can be tested. In an embodiment, disease conditions leading to immunosuppression include chronic infection and cancer.
Other disease conditions which can lead to immunosuppression include inflammatory disease conditions. Medicaments
which can lead to immunosuppression include those used to treat rheumatoid arthritis, cancer and inflammatory bowel
disease or those given in conjunction with organ transplantation.
[0094] In one embodiment, the method described herein may be used for or as an aid in diagnosis or monitoring of
subjects suspected of tuberculosis (e.g. active, latent or recent TB infection) and in particular of patients at increased
risk for progression from latent to active tuberculosis e.g. in patients receiving immunosuppressing medication (i.e.
monoclonal antibody treatment (anti-CD20 antibodies (e.g. Rituximab©) or TNF-alpha blocking treatment (e.g. Remi-
cade©, Enbrel©, Humira©))) or steroids or cancer-chemotherapy; or, patients suffering from immunosuppressing con-
ditions (e.g. HIV infection, cancer, IDDM or non-insulin dependent diabetes mellitus (NIDDM), autoimmune conditions,
malnutrition, old age, intravenous drug use (IVDU) or inherited immune disorders), and in individuals who have recently
been infected.
[0095] In one embodiment, the method described herein may be used for monitoring subjects diagnosed with infections
or other disease conditions. This may e.g. help to assess efficacy of treatment during and after termination of a treatment
e.g. by monitoring and predicting possible recurrence of the infection.
[0096] According to one embodiment, the method is for determining if a subject is infected with and/or is capable of
mounting a cell-mediated immune response against a pathogen for which the antigen is representative.
[0097] Pathogenic or infectious agents include bacteria, parasites and viruses. Examples of bacteria include Gram
positive and Gram negative microorganisms such as Mycobacterium species, Staphylococcus species, Streptococcus
species, Escherichia coli, Salmonella species, Clostridium species, Shigella species, Proteus species, Bacillus species,
Hemophilus species, Borrelia species amongst others. Mycobacterium tuberculosis is a particularly useful target as well
as conditions arising from infection by M. tuberculosis such as tuberculosis (TB). Examples of viruses include Hepatitis
virus (Hepatitis B virus and Hepatitis C virus), Herpes virus and CMV virus and Human immune deficiency virus (HIV)
as well as diseases resulting therefrom. Parasites include Plasmodium species, ringworm, liver parasites and the like.
Other pathogenic agents include eukaryotic cells such as yeasts and fungi. It is generally important to assess the potential
or actual cell-mediated responsiveness in subjects exposed to these infectious entities. The method of the present
disclosure can also be used to detect the presence or absence of these infections as well as the level or stage of the
disease process.
[0098] The method can also be used to monitor the level of the cell-mediated immunity against certain diseases and/or
infectious agents in persons that are at risk of developing a respective disease. One example is a CMV infection in
immune suppressed patients such as organ transplant patients. CMV infections frequently occur as complication of
immunesuppression, particularly after transplantation, and significantly contribute to morbidity and mortality in transplant
recipients. Current immunesuppressive therapies used to prevent the rejection of transplanted organ have detrimental
effects upon the T lymphocytes and thus cell-mediated immune responses, resulting in increased susceptibility to viral
infections post transplant. The importance of T-cell function and suppressing CMV replication is also highlighted by the
fact that CD8+ CMV specific cytotoxic T lymphocytes (CTLs) can protect against virus associated pathogenesis. Another
example of immunosuppressed patients are HIV-infected patients. The method of the present invention can be used to
serially monitor the level of disease immunity, such as e.g. anti-CMV immunity, in persons at risk of developing a
respective disease, as loss of this immune function may be associated with development of the disease such as a CMV
disease. Preferably, interferon gamma is determined as effector molecule in a respective test. The immune status of
the transplant recipient can influence the (re)activation of CMV in transplant recipients. E. g. a robust interferon gamma
response induced by a CMV specific antigen indicates a decreased risk of CMV disease, as the patient has a strong
cell mediated response and thus protection from the virus. A minimal interferon gamma response indicates an increased
risk of CMV disease, as either no or a very low cell-mediated immunity exists. Data show that patients with a positive
CMV test remain free from CMV diseases significantly more often and for longer than patients with a negative test after
cessation of anti-viral prophylaxis. Thus, patients who have a cellular immune response to CMV at the end of prophylaxis
have a significantly lower risk of developing CMV disease than those who do not have a detectable immune response.
Therefore, the method according to the present invention may predict a development of late onset CMV disease in
transplant recipients and thus is very useful in patient management.
[0099] The subject may alternatively have or may be tested for a disease condition selected from Celiac’s disease,
autoimmune diabetes, alopecia areata, ankylosing spondylitis, antiphospholipid syndrome, autoimmune Addison’s dis-
ease multiple sclerosis, autoimmune disease of the adrenal gland, autoimmune hemolytic anemia, autoimmune hepatitis,
autoimmune oophoritis and orchitis, Behcet’s disease, bullous pemphigoid, cardiomyopathy, celiac sprue-dermatitis,
chronic fatigue syndrome (CFIDS), chronic inflammatory demyelinating, chronic inflammatory polyneuropathy, Churg-
Strauss syndrome, cicatricial pemphigoid, crest syndrome, cold agglutinin disease, Crohn’s disease, dermatitis herpe-
tiformis, discoid lupus, essential mixed cryoglobulinemia, fibromyalgia, glomerulonephritis, Grave’s disease, Guillain-
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Barre, Hashimoto’s thyroiditis, idiopathic pulmonary fibrosis, idiopathic thrombocytopenia purpura (ITP), IgA nephropa-
thy, insulin dependent diabetes (Type I), lichen planus, lupus, Meniere’s disease, mixed connective tissue disease,
multiple sclerosis, myasthenia gravis, myocarditis, pemphigus vulgaris, pernicious anemia, polyarteritis nodosa, poly-
chondritis, polyglancular syndromes, polymyalgia rheumatica, polymyositis and dermatomyositis, primary agammaglob-
ulinemia, primary biliary cirrhosis, psoriasis, Raynaud’s phenomenon, Reiter’s syndrome, rheumatic fever, rheumatoid
arrthritis, sarcoidosis, scleroderma, Sjogren’s syndrome, stiff-man syndrome, systemic lupus erythematosus, Takayasu
arteritis, temporal arteritis/giant cell arteritis, ulcerative colitis, uveitis, vasculitis, vitiligo and inflammatory bowel disease.
[0100] The subject may alternatively have or may be tested for a cancer. Cancer therapy also is somewhat dependent
on cell-mediated immunity and the cancer itself or drugs used to treat cancer can lead to immunosuppression. Cancers
contemplated herein include: a group of diseases and disorders that are characterized by uncontrolled cellular growth
(e.g. formation of tumor) without any differentiation of those cells into specialized and different cells. Such diseases and
disorders include ABL1 protooncogene, AIDS related cancers, acoustic neuroma, acute lymphocytic leukaemia, acute
myeloid leukaemia, adenocystic carcinoma, adrenocortical cancer, agnogenic myeloid metaplasia, alopecia, alveolar
soft-part sarcoma, anal cancer, angiosarcoma, aplastic anaemia, astrocytoma, ataxia-telangiectasia, basal cell carci-
noma (skin), bladder cancer, bone cancers, bowel cancer, brain stem glioma, brain and CNS tumors, breast cancer,
CNS tumors, carcinoid tumors, cervical cancer, childhood brain tumors, childhood cancer, childhood leukaemia, child-
hood soft tissue sarcoma, chondrosarcoma, choriocarcinoma, chronic lymphocytic leukaemia, chronic myeloid leukae-
mia, colorectal cancers, cutaneous T-Cell lymphoma, dermatofibrosarcoma-protuberans, desmoplastic-small-round-
cell-tumor, ductal carcinoma, endocrine cancers, endometrial cancer, ependymoma, esophageal cancer, Ewing’s sar-
coma, extra-hepatic bile duct cancer, eye cancer, eye: melanoma, retinoblastoma, fallopian tube cancer, fanconi anemia,
fibrosarcoma, gall bladder cancer, gastric cancer, gastrointestinal cancers, gastrointestinal-carcinoid-tumor, genitouri-
nary cancers, germ cell tumors, gestational-trophoblastic-disease, glioma, gynaecological cancers, hematological ma-
lignancies, hairy cell leukaemia, head and neck cancer, hepatocellular cancer, hereditary breast cancer, histiocytosis,
Hodgkin’s disease, human papillomavirus, hydatidiform mole, hypercalcemia, hypopharynx cancer, intraocular melano-
ma, islet cell cancer, Kaposi’s sarcoma, kidney cancer, Langerhan’s-cell-histiocytosis, laryngeal cancer, leiomyosarco-
ma, leukemia, Li-Fraumeni syndrome, lip cancer, liposarcoma, liver cancer, lung cancer, lymphedema, lymphoma,
Hodgkin’s lymphoma, non-Hodgkin’s lymphoma, male breast cancer, malignant-rhabdoid-tumor-of-kidney, medullob-
lastoma, melanoma, merkel cell cancer, mesothelioma, metastatic cancer, mouth cancer, multiple endocrine neoplasia,
mycosis fungoides, myelodysplastic syndromes, myeloma, myeloproliferative disorders, nasal cancer, nasopharyngeal
cancer, nephroblastoma, neuroblastoma, neurofibromatosis, nijmegen breakage syndrome, non-melanoma skin cancer,
non-small-cell-lung-cancer-(NSCLC), ocular cancers, oesophageal cancer, oral cavity cancer, oropharynx cancer, os-
teosarcoma, ostomy ovarian cancer, pancreas cancer, paranasal cancer, parathyroid cancer, parotid gland cancer,
penile cancer, peripheral-neuroectodermal-tumors, pituitary cancer, polycythemia vera, prostate cancer, rare-cancers-
and-associated-disorders, renal cell carcinoma, retinoblastoma, rhabdomyosarcoma, Rothmund-Thomson syndrome,
salivary gland cancer, sarcoma, schwannoma, Sezary syndrome, skin cancer, small cell lung cancer (SCLC), small
intestine cancer, soft tissue sarcoma, spinal cord tumors, squamous-cell-carcinoma-(skin), stomach cancer, synovial
sarcoma, testicular cancer, thymus cancer, thyroid cancer, transitional-cell-cancer-(bladder), transitional-cell-cancer-(re-
nal-pelvis-/- ureter), tropho-blastic cancer, urethral cancer, urinary system cancer, uroplakins, uterine sarcoma, uterus
cancer, vaginal cancer, vulva cancer, Waldenstrom’s-macroglobulinemia and Wilms’ tumor.
[0101] The subject may alternatively be exposed to or may be tested for exposure to a protein toxicant.
[0102] Autoimmune diseases contemplated herein for detection and/or monitoring include inter alia alopecia areata,
ankylosing spondylitis, antiphospholipid syndrome, autoimmune Addison’s disease multiple sclerosis, autoimmune dis-
ease of the adrenal gland, autoimmune hemolytic anemia, autoimmune hepatitis, autoimmune oophoritis and orchitis,
Behcet’s disease, bullous pemphigoid, cardiomyopathy, celiac sprue-dermatitis, chronic fatigue syndrome (CFIDS),
chronic inflammatory demyelinating, chronic inflammatory polyneuropathy, Churg-Strauss syndrome, cicatricial pem-
phigoid, crest syndrome, cold agglutinin disease, Crohn’s disease, dermatitis herpetiformis, discoid lupus, essential
mixed cryoglobulinemia, fibromyalgia, glomerulonephritis, Grave’s disease, Guillain-Barre, Hashimoto’s thyroiditis, idi-
opathic pulmonary fibrosis, idiopathic thrombocytopenia purpura (ITP), IgA nephropathy, insulin dependent diabetes
(Type I), lichen planus, lupus, Meniere’s disease, mixed connective tissue disease, multiple sclerosis, myasthenia gravis,
myocarditis, pemphigus vulgaris, pernicious anemia, polyarteritis nodosa, polychondritis, polyglancular syndromes, pol-
ymyalgia rheumatica, polymyositis and dermatomyositis, primary agammaglobulinemia, primary biliary cirrhosis, pso-
riasis, Raynaud’s phenomenon, Reiter’s syndrome, rheumatic fever, rheumatoid arrthritis, sarcoidosis, scleroderma,
Sjogren’s syndrome, stiff-man syndrome, systemic lupus erythematosus, Takayasu arteritis, temporal arteritis/gianT-
cell arteritis, ulcerative colitis, uveitis, vasculitis and vitiligo.
[0103] Other disease conditions contemplated include inflammatory disease conditions as they can lead to immuno-
suppression. Examples of inflammatory disease conditions contemplated by the present disclosure include but are not
limited to those diseases and disorders which result in a response of redness, swelling, pain, and a feeling of heat in
certain areas that is meant to protect tissues affected by injury or disease. Inflammatory diseases which can be treated
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using the methods of the present disclosure include, without being limited to, acne, angina, arthritis, aspiration pneumonia,
disease, empyema, gastroenteritis, inflammation, intestinal flu, NEC, necrotizing enterocolitis, pelvic inflammatory dis-
ease, pharyngitis, PID, pleurisy, raw throat, redness, rubor, sore throat, stomach flu and urinary tract infections, chronic
inflammatory demyelinating polyneuropathy, chronic inflammatory demyelinating polyradiculoneuropathy, chronic in-
flammatory demyelinating polyneuropathy, chronic inflammatory demyelinating polyradiculoneuropathy. In terms of non-
human applications, the present disclosure extends to detecting EIPH in horses and various conditions in animals such
as facial tumor disease in the Tasmanian Devil.
[0104] In the above aspects, the antigen may be derived from the pathogenic agent, be associated with the disease
condition or cancer or be a toxicant. Alternatively, the infection, disease condition, cancer or toxicant may suppress cell-
mediated immunity in which case any antigen to which the subject has been prior exposed could be employed.
[0105] Particularly advantageous embodiments described in the description and the claims of the method according
to the first aspect are again described in the following. According to the first aspect, the present disclosure provides a
method for measuring cell-mediated immune response activity, said method comprising

(a) providing an incubation composition by contacting a sample comprising immune cells capable of producing
immune effector molecules following stimulation by an antigen with at least one antigen and with at least one non-
reducing sugar, and
(b) detecting the presence or level of at least one immune effector molecule.

[0106] According to one embodiment, the non-reducing sugar is a non-reducing disaccharide, preferably being selected
from trehalose and sucrose. The concentration of the non-reducing sugar in the incubation composition is according to
one embodiment at least 1.5 mg/ml, preferably at least 2 mg/ml. Suitable ranges for the concentration of the non-reducing
sugar in the incubation composition are also described above and it is referred to the above disclosure.
[0107] According to one embodiment, the non-reducing sugar is selected from trehalose, mannitol, sucrose and raffi-
nose. As is demonstrated by the examples, these non-reducing sugars increase the response levels. Trehalose is
particularly preferred because here, the largest increase in the response level was observed. Furthermore, the enhancing
effect may be preserved during storage.
[0108] According to one embodiment, in step (a), the sample is contacted with a composition which comprises the
antigen and the non-reducing sugar. According to one embodiment, wherein the sample is a whole blood sample, the
composition additionally comprises an anticoagulant, preferably heparin. According to one embodiment, the composition
comprising the antigen, the non-reducing sugar and optionally an anticoagulant is comprised in a sample collection
vessel. As described herein, such sample collection vessel can e.g. be an evacuated blood collection vessel. According
to one embodiment, the composition is a spray-dried composition. Suitable embodiments are described herein.
[0109] According to one embodiment, the sample has one or more of the following characteristics:

i) the sample was obtained from a human subject;
ii) the sample was obtained from a human subject that is immunosuppressed or immunodeficient
iii) the sample comprises immune cells selected from the group consisting of NK-cells, T-cells, B-cells, dendritic
cells, macrophages and monocytes; and/or
iv) the sample is whole blood.

[0110] According to one embodiment, the antigen is selected from the group consisting of peptides, proteins, including
glycoproteins, phosphoproteins and phospholipoproteins, carbohydrates, phospholipids and fragments of the foregoing
and preferably is provided by one or more peptides.
[0111] According to one embodiment, two or more different antigens are used in step (a) and/or two or more different
effector molecules are detected in step (b).
[0112] According to one embodiment, one or more peptides are used as antigen having a length selected from 5 to
100 amino acids or 7 to 50 amino acids. According to an advantageous embodiment, the antigen is provided by one or
more peptides that are recognized by a CD8+ cytotoxic T-cell. Preferably, in this embodiment, the antigen is provided
by one or more peptides having a length of less than 15 amino acids, preferably having a length selected from 7-14
amino acids. Details of the respective peptides were described above and it is referred to the above disclosure.
[0113] According to one embodiment, the antigen is provided by at least two sets of peptides, a first set comprising
at least one peptide of from about 7 to 14 amino acid residues in length and a second set comprising at least one peptide
of from 15 amino acid residues or greater which peptides encompass all or part of a protein antigen. Details of the
respective peptide sets were described above and it is referred to the above disclosure.
[0114] According to an advantageous embodiment, the antigen is provided by one or more synthetic peptides. Details
of the peptide(s) were described above and it is referred to the respective disclosure.
[0115] According to one embodiment, the sample is contacted with an antigen associated with or representative for
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a disease or condition for which the cell-mediated immune response is to be tested. According to an advantageous
embodiment, the antigen is a disease specific antigen, in particular a pathogen specific antigen. For example, the antigen
may be derived from and thus may be cross-reactive with an antigen from a pathogen associated with a disease condition
or is a tumor-associated antigen associated with a cancer. As described above, the pathogen may be a bacterium, a
virus, a parasite, yeast or a fungus. Non-limiting examples will be described in the following. For example, the bacterium
may be selected from Gram positive and Gram negative microorganisms, in particular Mycobacterium species such as
Mycobacterium tuberculosis, Staphylococcus species, Streptococcus species, Escherichia coli, Salmonella species,
Clostridium species, Shigella species, Proteus species, Bacillus species, Hemophilus species and Borrelia species. The
virus may be selected from Hepatitis virus such as Hepatitis B virus and Hepatitis C virus, Herpes virus, CMV virus and
Human immune deficiency virus (HIV). The parasite may be selected from Plasmodium species, ringworm and liver
parasites.
[0116] According to one embodiment, the antigen is from or is specific for a virus, preferably cytomegalovirus (CMV).
Preferably, said antigen is provided by one or more peptides having a length of 7 to 14 amino acid residues, 7 to 13
amino acid residues or 8 to 12 amino acid residues. As described above, the one or more peptides may be synthetic
peptides.
[0117] According to one embodiment, the immune effector molecule detected in step (b) has one or more of the
following characteristics:

i) it is a cytokine;
ii) it is a chemokine;
iii) it is produced in response to cell activation, stimulation or re-stimulation by the antigen;
iv) it is selected from the group consisting of interferons, interleukins (IL), Tumor Necrosis Factor alpha (TNF-α),
Transforming Growth Factor beta (TGF-β), a Colony Stimulating Factor (CSF) such as Granulocyte (G)-CSF or
Granulocyte Macrophage (GM)-CSF, complement component 5a (C5a), Groα (CXCL1), sICAM-1 (CD54), IP-10
(CXCL10), I-TAC (CXCL11), MCP-1 (CCL2), MIF (GIF), MIP-1α (CCL3), MIP-1β (CCL4), Serpin E1 (PAI-1), RANTES
(CCL5) or MIG (CXCL9); and/or
v) the immune effector molecule is IFN-gamma.

[0118] According to one embodiment of the method, the presence or level of an immune effector molecule is determined
based on the immune effector molecule or is determined based on the RNA expression level of the immune effector
molecule. Suitable embodiments were described above.
[0119] According to one embodiment, the method according to any of the foregoing embodiments is for monitoring or
determining the presence, absence, level or stage of a disease or condition selected from the group consisting of an
infection by a pathogenic agent, an autoimmune disease, a cancer, an inflammatory condition, exposure to a toxic agent,
response to a therapeutic agent, an immunodeficiency and an immunosuppression. Preferably, the magnitude of the
cell-mediated immune response correlates with the state, progression and/or severity of a disease condition. According
to one embodiment, the method according to any of the foregoing embodiments is for detecting or monitoring a disease,
an infection and/or the response to therapy, in particular immunotherapy or a therapy with immunosuppressive agents.
[0120] According to one embodiment, the method according to any of the foregoing embodiments comprises

(a) providing an incubation composition by contacting a whole blood sample obtained from a human subject with a
composition comprising at least one peptide antigen and at least one non-reducing disaccharide, preferably trehalose
or sucrose, and incubating the incubation composition for at least 2 hours; and
(b) measuring the presence or level of IFN-gamma released due to the stimulation with the antigen;
wherein the presence or quantity of detected IFN-gamma is indicative of the level of cell-mediated immune respon-
siveness of the human subject.

[0121] According to one embodiment, the method according to any of the foregoing embodiments comprises

(c) comparing the determined immune effector molecule level or a value derived therefrom with a reference-level.

[0122] The present disclosure further provides a method of treatment of a subject having a pathogenic infection, an
autoimmune disorder or cancer or a propensity for developing such a condition or disorder, the method comprising
performing the method for measuring cell-mediated response activity according to the first aspect wherein the determined
presence or level of the immune effector molecule is indicative of the level of cell-mediated responsiveness of the subject
which is indicative of the presence, absence, level or state of the condition or disorder and then treating the condition
or disorder. Details of the method according to the first aspect were described above and it is referred to the above
disclosure.
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Compositions, kits and uses

[0123] Claim 14 defines a composition for inducing a cell mediated immune response in a sample, comprising:

a) at least one peptide antigen having a length selected from 5 to 50 amino acids, wherein the antigen is a disease
specific antigen;
b) at least one non-reducing sugar capable of increasing the interferon-gamma response of immune cells that
respond to the antigen; and
c) at least one anticoagulant, wherein the anticoagulant is heparin.

[0124] Also disclosed is a composition for inducing a cell mediated immune response in a sample, comprising

a) at least one isolated antigen;
b) at least one non-reducing sugar;
c) optionally at least one anticoagulant.

[0125] Details regarding the composition, the composition form, suitable antigens, non-reducing sugars and antico-
agulants were described above in conjunction with the method and it is referred to the above disclosure. Such composition
can be used e.g. in the method according to the first aspect. Suitable applications, including uses/purposes, diseases
and conditions that can be analysed using such a composition and accordingly, suitable uses of said composition were
described in detail above and it is referred to the above disclosure. The composition is particular suitable for use in the
above described methods, applications and uses. According to one embodiment, the composition does not comprise a
simple sugar. According to one embodiment, the composition does not comprise a reducing sugar. Preferably, the
composition is a semi-liquid, gel-like or solid composition. Preferably, it is a dried composition. According to one em-
bodiment, the composition is a spray-dried composition.
[0126] Non-limiting, advantageous embodiments are again described in the following:
[0127] The non-reducing sugar may have the characteristics as described above in conjunction with the method
according to the first aspect and it is referred to the respective disclosure which also applies here. As described above,
the non-reducing sugar is not used as stabilizer for the antigen but is used to increase the response level. As is shown
in the examples, non-reducing sugars such as trehalose, mannitol, sucrose and raffinose increase the response levels.
According to one embodiment, the non-reducing sugar is a non-reducing disaccharide. The non-reducing disaccharide
may be selected from trehalose and sucrose. The concentration of the non-reducing sugar in the composition according
to the second aspect is according to one embodiment such that when said composition is contacted with the intended
amount of sample, the resulting incubation composition comprises the non-reducing sugar in a concentration of at least
1.5 mg/ml, preferably at least 2 mg/ml. Suitable ranges for the concentration of the non-reducing sugar in the incubation
composition are also described above in conjunction with the method according to the first aspect and it is referred to
the above disclosure. Suitable and preferred sample materials were also described above in conjunction with the method
according to the first aspect and it is referred to the above disclosure. According to one embodiment, the sample has
one or more of the following characteristics:

i) the sample was obtained from a human subject;
ii) the sample was obtained from a human subject that is immunosuppressed or immunodeficient
iii) the sample comprises immune cells selected from the group consisting of NK-cells, T-cells, B-cells, dendritic
cells, macrophages and monocytes; and/or
iv) the sample is whole blood.

[0128] According to one embodiment, the antigen comprised in the composition is selected from the group consisting
of peptides, proteins, including glycoproteins, phosphoproteins and phospholipoproteins, carbohydrates, phospholipids
and fragments of the foregoing and preferably is provided by one or more peptides.
[0129] According to one embodiment, the composition comprises two or more different antigens.
[0130] According to one embodiment, the composition comprises one or more peptides as antigen, wherein the one
or more peptides have a length selected from 5 to 100 amino acids or 7 to 50 amino acids. According to an advantageous
embodiment, the composition comprises as antigen one or more peptides that are recognized by a CD8+ cytotoxic T-
cell. Preferably, in this embodiment, the antigen is provided by one or more peptides having a length of less than 15
amino acids, preferably having a length selected from 7-14 amino acids. Details of the respective peptides were described
above in conjunction with the method according to the first aspect and it is referred to the above disclosure.
[0131] According to one embodiment, the composition comprises an antigen that is provided by at least two sets of
peptides, a first set comprising at least one peptide of from about 7 to 14 amino acid residues in length and a second
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set comprising at least one peptide of from 15 amino acid residues or greater which peptides encompass all or part of
a protein antigen. Details of the respective peptide sets were described above in conjunction with the method according
to the first aspect and it is referred to the above disclosure.
[0132] According to an advantageous embodiment, the composition comprises an antigen that is provided by one or
more synthetic peptides. Details of the peptide(s) were described above and it is referred to the respective disclosure.
[0133] According to one embodiment, the composition comprises an antigen associated with or representative for a
disease or condition for which the cell-mediated immune response is to be tested.
[0134] According to an advantageous embodiment, the antigen comprised in the composition is a disease specific
antigen, in particular a pathogen specific antigen. For example, the antigen may be derived from and thus may be cross-
reactive with an antigen from a pathogen associated with a disease condition or is a tumor-associated antigen associated
with a cancer. As described above, the pathogen may be a bacterium, a virus, a parasite, yeast or a fungus. Non-limiting
examples will be described in the following. For example, the bacterium may be selected from Gram positive and Gram
negative microorganisms, in particular Mycobacterium species such as Mycobacterium tuberculosis, Staphylococcus
species, Streptococcus species, Escherichia coli, Salmonella species, Clostridium species, Shigella species, Proteus
species, Bacillus species, Hemophilus species and Borrelia species. The virus may be selected from Hepatitis virus
such as Hepatitis B virus and Hepatitis C virus, Herpes virus, CMV virus and Human immune deficiency virus (HIV).
The parasite may be selected from Plasmodium species, ringworm and liver parasites.
[0135] According to one embodiment, the composition comprises an antigen that is from or is specific for a virus, such
as cytomegalovirus (CMV). Preferably, said antigen is provided by one or more peptides having a length of 7 to 14 amino
acid residues, 7 to 13 amino acid residues or 8 to 12 amino acid residues. As described above, the one or more peptides
may be synthetic peptides.
[0136] The composition can be comprised in a sample collection vessel, suitable and advantageous embodiments of
such vessel such as an evacuated blood collection vessel, are described herein and it is referred to the respective
disclosure.
[0137] Also provided is an incubation composition, comprising at least one isolated antigen, at least one non-reducing
sugar, immune cells capable of producing immune effector molecules following stimulation by an antigen, preferably T
lymphocytes, and optionally at least one anticoagulant. Preferably, the incubation composition was prepared from and
thus comprises a whole blood sample. According to one embodiment, the incubation composition was prepared by
contacting a composition according to the second aspect with a sample. Suitable and preferred sample materials were
described above in conjunction with the method according to the first aspect and it is referred to the above disclosure.
According to one embodiment, the sample has one or more of the following characteristics:

i) the sample was obtained from a human subject;
ii) the sample was obtained from a human subject that is immunosuppressed or immunodeficient
iii) the sample comprises immune cells selected from the group consisting of NK-cells, T-cells, B-cells, dendritic
cells, macrophages and monocytes; and/or
iv) the sample is whole blood.

[0138] Preferably, the incubation composition is obtained by contacting a composition according to the second aspect
with a whole blood sample obtained from a subject, preferably obtained from a human. Details regarding the composition
according to the second aspect, the incubation composition, its preparation, suitable antigens, non-reducing sugars and
anticoagulants were described above in conjunction with the method according to the present disclosure and the com-
position according to the second aspect and it is referred to the above disclosure. The anticoagulant is preferably heparin.
According to one embodiment, the incubation composition comprises the non- reducing sugar in a concentration of at
least 1.5 mg/ml, preferably at least 2 mg/ml. Suitable ranges for the concentration of the non-reducing sugar in the
incubation composition are also described above in conjunction with the method according to the first aspect and it is
referred to the above disclosure. According to one embodiment, the non-reducing sugar is selected from trehalose,
mannitol, sucrose and raffinose. As described above, according to an advantageous embodiment, the non-reducing
sugar is a non-reducing disaccharide, preferably being selected from trehalose and sucrose.
[0139] Also disclosed is a sample collection vessel, in particular a sample collection tube, comprising a respective
composition comprising

a) at least one isolated antigen;
b) at least one non-reducing sugar;
c) optionally at least one anticoagulant.

[0140] The composition comprised in the sample collection vessel is preferably the composition according to the
second aspect. Details regarding the composition, suitable antigens, non-reducing sugars and anticoagulants were
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described above and it is referred to the above disclosure. Such sample collection vessel can be used e.g. in the method
according to the first aspect. Suitable applications, including uses/purposes, diseases and conditions that can be analysed
using such a sample collection vessel were described in detail above and it is referred to the above disclosure. The
sample collection vessel according to the third aspect is in particular suitable for use in the above described methods,
applications and uses. Preferably, the composition is sprayed onto the inside of the vessel which preferably is an
evacuated blood collecting tube. By using such ready-to-use collection vessels in the method of the present disclosure,
the conditions of the method are optimized and standardized and the handling is simplified.
[0141] The method according to the invention is preferably performed using a kit which provides the materials necessary
for executing the method steps. Such a kit preferably comprises standardized material which ensures that the method
is performed under optimized conditions, thereby ensuring that the results obtained from different samples or patients
or by different practitioners are comparable to each other. Therefore, in a fourth aspect, the present disclosure also
provides a kit for measuring cell-mediated immune response activity in a subject, comprising at least one antigen, at
least one non-reducing sugar, at least one sample collection vessel and at least one detection means for detecting at
least one immune effector molecule.
[0142] Claim 17 defines a kit for measuring cell-mediated immune response activity in a subject, comprising at least
one peptide antigen having a length selected from 5 to 50 amino acids, at least one non-reducing sugar capable of
increasing the interferon-gamma response of immune cells that respond to the antigen, heparin, at least one sample
collection vessel and at least one detection means for interferon-gamma.
[0143] Preferably, the antigen and the non-reducing sugar are provided in form of a single composition. For this
purpose, the composition according to the second aspect can be used and it is referred to the above disclosure for
details of said composition. Details regarding the composition, the antigen and the non-reducing sugar were also de-
scribed above in conjunction with the method and the composition according to the present invention and it is referred
to the above disclosure. According to one embodiment, the kit comprises a sample collection vessel such as a blood
collection tube which comprises the composition comprising the antigen and the non-reducing sugar. Preferably, the
composition additionally comprises an anti-coagulant such as heparin. As described, the composition comprised in the
sample collection container can be the composition according to the second aspect. Preferably, the detection means is
an immunodetection reagent such as a labeled antibody. However, for assays that are based on the detection of the
mRNA expression level, the detection means can be provided by primers and/or probes specific for the immune effector
molecule to be detected. Suitable assays and detection means are known to the skilled person and were also described
above.
[0144] According to a further aspect, the present disclosure pertains to the use of a non-reducing sugar in an immu-
nological assay for measuring cell-mediated response activity, wherein the addition of the non-reducing sugar during
incubation of the sample with the antigen increases the release of an immune effector molecule from immune cells that
respond to the antigen tested in said assay.
[0145] Claim 19 defines the use of a non-reducing sugar in an immunological assay for measuring cell-mediated
response activity to a peptide antigen having a length selected from 5 to 50 amino acids, preferably from 7 to 50 amino
acids, wherein the addition of the non-reducing sugar during incubation of the sample with the antigen increases the
release of interferon-gamma from immune cells that respond to the peptide antigen tested in said assay, and wherein
preferably, the non-reducing sugar has one or more of the following characteristics:

i) the non-reducing sugar is a disaccharide;

ii) the non-reducing sugar is selected from trehalose and sucrose;

iii) the non-reducing sugar is selected from trehalose, mannitol, sucrose and raffinose;

iv) the non-reducing sugar is trehalose;

v) the non-reducing sugar is used in a concentration of at least 1 mg/ml, preferably 2mg/ml in the incubation com-
position comprising the sample to be tested and the antigen;

vi) the non-reducing sugar is provided in the form of a composition which additionally comprises the antigen to be
tested and optionally an anticoagulant.

[0146] Details regarding the non-reducing sugar, preferred concentrations, the immunological assay and applications
thereof in the medical field, suitable and preferred antigens, immune effector molecules and immune cells were described
above in conjunction with the method according to the present invention and it is referred to the above disclosure. The
non-reducing sugar may have one or more of the following characteristics:



EP 2 939 025 B1

23

5

10

15

20

25

30

35

40

45

50

55

i) the non-reducing sugar is a disaccharide;
ii) the non-reducing sugar is selected from trehalose and sucrose;
iii) the non-reducing sugar is used in a concentration of at least 1mg/ml, preferably 2mg/ml in the incubation com-
position comprising the sample to be tested and the antigen; and/or
iv) the non-reducing sugar is provided in the form of a composition which additionally comprises the antigen to be
tested and optionally an anticoagulant.

[0147] According to one embodiment, the non-reducing sugar is selected from trehalose, mannitol, sucrose and raffi-
nose.
[0148] The use of a non-reducing sugar as described herein, e.g. trehalose, in an assay to determine or monitor cell-
mediated immunity has significant advantages. As described above, preferably the non-reducing sugar is provided
together with the antigen in form of a single composition which is contacted with the sample. According to one embodiment,
no reducing sugar is added for incubation and/or is comprised in the composition comprising the non-reducing sugar
and the antigen. As described above, the non-reducing sugar is not used as stabilizer for the antigen. According to an
advantageous embodiment, the antigen is provided by one or more peptides, preferably synthetic peptides, that are
recognized by a CD8+ cytotoxic T-cell. Preferably, in this embodiment, the antigen is provided by one or more peptides,
preferably synthetic peptides, having a length of less than 15 amino acids, preferably having a length selected from 7-14
amino acids.
[0149] According to a further aspect, the present disclosure pertains to the use of the composition according to second
aspect, a sample collection vessel according to the third aspect and/or a kit according to the fourth aspect in an assay
for measuring cell-mediated response activity. Details regarding suitable and preferred uses and applications were
described above and it is referred to the above disclosure. According to one embodiment, the assay is for monitoring
or determining the presence, absence, level or stage of a disease or condition selected from the group consisting of an
infection by a pathogenic agent, an autoimmune disease, a cancer, an inflammatory condition, exposure to a toxic agent,
response to a therapeutic agent, an immunodeficiency and an immunosuppression. According to one embodiment, the
assay is for detecting or monitoring a disease, an infection and/or the response to therapy, in particular immunotherapy
or a therapy with immunosuppressive agents. According to one embodiment, the composition according to second
aspect, a sample collection vessel according to the third aspect and/or a kit according to the fourth aspect is used in the
method according to the first aspect which is described in detail above and in the claims.
[0150] Numeric ranges described herein are inclusive of the numbers defining the range. The headings provided
herein are not limitations of the various aspects or embodiments of this disclosure which can be read by reference to
the specification as a whole. According to one embodiment, subject-matter described herein as comprising certain steps
in the case of methods or as comprising certain ingredients in the case of e.g. compositions, solutions and/or mixtures
refers to subject-matter consisting of the respective steps or ingredients. It is preferred to select and combine preferred
embodiments described herein and the specific subject-matter arising from a respective combination of preferred em-
bodiments also belongs to the present disclosure.
[0151] The invention will now be illustrated in further detail by the following non-limiting examples. Examples not
pertaining to the claimed invention are for illustrative purposes only.

EXAMPLES

Example 1: Effects of trehalose on the sensitivity of the Epstein-Barr virus assay

[0152] Investigations using QuantiFERON technology to measure responses to the model antigen EBNA-1 from the
Epstein-Barr virus were performed to assess increases in assay sensitivity induced by the addition of non-reducing
sugars to the incubation mixture. Briefly, EBNA-1 peptides were added to a blood collection tube, plus/minus 3 concen-
trations of a trehalose solution (0.5, 1.0 or 2.0 mg/ml trehalose). QuantiFERON assay measuring anti-EBV cellular
immune responses was run according to the manufacturer’s instructions. The IFN-gamma response was determined
and compared depending on the concentration of trehalose. An increase in IFN-gamma response was observed with
increasing trehalose concentration. A concentration of 2 mg/ml trehalose provided the best results in this test assay.
[0153] These studies demonstrate that the addition of a non-reducing sugar, such as trehalose, to the whole blood
assay results in a significant increase in the IFN-gamma response in a cell mediated immune response assay. Due to
the increase in IFN-gamma response that is induced by the addition of the non-reducing sugar, the sensitivity of the
assay is enhanced.

Example 2: Storage stability of a prior art assay

[0154] In this example, a cell-mediated immune response test against CMV was performed and the storage stability



EP 2 939 025 B1

24

5

10

15

20

25

30

35

40

45

50

55

of assay components was analysed. As antigen, synthetic peptides, 8-12 amino acids in length, from cytomegalovirus-
associated antigens were used. The CMV-associated synthetic peptides were formulated in solution containing a simple
sugar (glucose) and sprayed onto the inside of a blood collection tube and dried. Therefore, the antigen and the simple
sugar were comprised in one composition. Stability testing of said composition comprised in the blood collection tube
indicated that assay activity diminished with time stored at room temperature. Moreover, assay activity of the CMV device
was lost when the blood collection device comprising the spray-dried composition comprising the antigen and glucose
was stored at 55 °C for a period greater than 3 weeks (21 days). Therefore, respective compositions and accordingly,
collection tubes comprising respective compositions were unsuitable for use as ready-to-use kit components due to the
lacking storage stability. Removal of glucose from the composition restored the stability and function of the assay.
Therefore, it was not feasible to include the simple sugar together with the antigen in a composition. Instead, for increasing
the assay sensitivity the simple sugar had to be added separately to the sample during preparation of the incubation
composition.
[0155] In contrast, compositions comprising the antigen and a non-reducing sugar as taught herein may maintain the
increased assay sensitivity also over prolonged storage periods.
[0156] These results were also confirmed by further experiments. CMV tubes containing either glucose or no glucose
were stored for three weeks at 4°C, 22°C, 37°C and 55°C and were then tested with blood samples from 4 reactive
donors and 1 non-reactive donor. Table 1 shows the average results obtained with the reactive donors. At the indicated
temperatures, the CMV tubes containing glucose are less reactive then either the tubes stored at 4°C or 22°C and show
a marked decrease in responses relative to the liquid formulation (reference standard) used to prepare the CMV tubes.
In contrast, tubes lacking glucose did not show a respective loss in reactivity.

Example 3: Effect of the addition of trehalose on the IFN-gamma response in a QFN-CMV tube

[0157] QuantiFERON (QFN) CMV is a CE registered assay monitoring T cell immune memory directed against antigens
derived from the Cytomegalovirus. The QFN-CMV blood tubes contain peptides designed to specifically activate CD8+
T cells to produce interferon gamma (IFN-gamma). These tubes only contain peptide and heparin, with no addition of
any sugar molecule.
[0158] This experiment aimed to investigate the effect on the IFN-gamma response when the non-reducing sugar,
trehalose, was added to QFN-CMV tubes.
[0159] 0, 1, 5 or 10 mg/ml of a trehalose (in water) solution was added to QFN-CMV blood collection tubes. 1 ml of
blood from 17 healthy donors with a known anti-CMV T cell response was then added to each of the four tubes, and in
addition a Nil tube and a Mitogen tube were run as controls. The QFN assay was then run according to the package
insert. All values had the Nil value subtracted. IFN-gamma levels in IU/ml were normalized against the respective QFN-
CMV + 0 mg/ml trehalose (untreated control) to generate a ’fold-change’ unit; to control for inter-donor variation in
response magnitude. Healthy donors without a detectable anti-CMV immune response were included to control against
non-specific IFN-gamma induction by trehalose.
[0160] The addition of trehalose resulted in a concentration-dependent increase in the mean level of IFN-gamma
(expressed as fold change IFN-gamma versus the matched untreated control). A significant increase in the effect was
observed with the addition of 5 and 10 mg/ml trehalose; Friedmans test with Dunns multiple comparisons test. The
results are shown in Fig. 1. No significant increase in the background level of IFN-gamma in the CMV-negative control
donors was observed (data not shown).
[0161] The addition of trehalose to a QFN assay significantly increases the level of IFN-gamma produced in response
to the specific antigen(s) contained with the blood collection tube without non-specifically increasing the background
IFN-gamma level.

Example 4: Effect of the addition of trehalose on the IFN-gamma response in a QFN-TB tube

[0162] To confirm the observation that the addition of the non-reducing sugar trehalose to an assay assessing peptide-
specific cellular immunity such as the QuantiFERON (QFN) assay enhances the quantitative result of the test, QFN
tubes were manufactured with the addition of a non-reducing sugar. QFN blood collection tubes were manufactured to
contain synthetic peptides from the Mycobacterium tuberculosis (MTB) antigens ESAT-6 and CFP-10 either without the

Table 1: Effect of glucose during storage. Shown is the fold difference to retention (average IU/ml)

55°C 37°C 22°C 4°C

CMV tubes with glucose 0.58 0.75 1.48 1.34

CMV tubes without glucose 0.97 0.91 1.01 1.21
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addition of any sugar or with the addition of the non-reducing sugar trehalose.
[0163] Whole blood from 20 subjects with evidence of MTB infection, confirmed using the QuantiFERON Gold In Tube
assay, was tested using the established QuantiFERON platform technology, however, employing the modified QFN TB
antigen tubes described above which were either manufactured without (sugar free) or with a non-reducing sugar (Tre-
halose). The assay was run in accordance with the QFT Gold package insert which is an established assay. In this
paired clinical analysis, the inclusion of the non-reducing sugar, trehalose, in the TB antigen tube significantly enhanced
the quantitative response of the assay (P = 0.0005) as is shown in Fig. 2. Values from the tubes (y-axis) are shown as
Log transformed IFN-gamma IU/ml values (with the nil tube values subtracted). A paired one-tailed t test was performed
to show statistical significance between the two cohorts. The results clearly demonstrate that the addition of trehalose
increases the interferon gamma response as was shown in subjects with TB infection.

Example 5: Addition of different non-reducing sugars increases the quantitative INF-gamma response

[0164] The observed enhancement effect was also demonstrated with additional non-reducing sugars. For this exper-
iment, four different non-reducing sugars were added to QFN CMV antigen tubes and a corresponding Nil tube. To reach
a final blood concentration of 2 mg/ml, a corresponding solution of sucrose, trehalose, mannitol and raffinose in PBS
was added to whole blood obtained from 5 donors. Hence, a QFN assay was performed on blood from 5 donors, using
QFN CMV tubes either without (N/S) or with the addition of a non-reducing sugar (sucrose, trehalose, mannitol or
raffinose). The assay was run in accordance with the QFN package insert which is an established assay. The results
are shown in Fig. 3. The x-axis (see Fig. 3) indicates the tested conditions. The background (value from Nil tubes
with/without the addition of the respective sugar) was subtracted from the corresponding CMV tube and the percentage
increase in the IFN-gamma value (IU/ml) over the non-additive tube calculated (y axis). The results demonstrate that
an increased response to the CMV antigens as measured by the quantitative IFN-gamma (IU/ml) value was observed
with all four non-reducing sugars. Thus, all tested non-reducing sugars had a beneficial effect on the INF-gamma re-
sponse. With trehalose the highest increase was seen, followed by mannitol, sucrose and raffinose.

Claims

1. A method for measuring cell-mediated immune response activity, said method comprising:

(a) providing an incubation composition by contacting a sample comprising immune cells capable of producing
immune effector molecules following stimulation by a peptide antigen with at least one peptide antigen having
a length selected from 5 to 50 amino acids and with at least one non-reducing sugar capable of increasing the
interferon-gamma response of immune cells that respond to the antigen; and
(b) detecting the presence or level of at least one immune effector molecule, wherein detecting the presence
or level of at least one immune effector molecule comprises detecting the presence or level of interferon-gamma
(INF-gamma).

2. The method according to Claim 1, wherein the non-reducing sugar is a non-reducing disaccharide, preferably selected
from trehalose and sucrose.

3. The method according to Claim 1 or 2, wherein the concentration of the non-reducing sugar in the incubation
composition is at least 1.5 mg/ml, preferably at least 2 mg/ml.

4. The method according to one or more of Claims 1 to 3, wherein in step (a), the sample is contacted with a composition
which comprises the antigen and the non-reducing sugar and wherein preferably, said composition is comprised in
a sample collection vessel.

5. The method according to Claim 4, wherein the composition additionally comprises an anticoagulant, preferably
heparin, and wherein the sample is a whole blood sample.

6. The method according to any one of Claims 1 to 5, wherein the sample has one or more of the following characteristics:

i) the sample was obtained from a human subject;
ii) the sample was obtained from a human subject that is immunosuppressed or immunodeficient;
iii) the sample comprises immune cells selected from the group consisting of NK-cells, T-cells, B-cells, dendritic
cells, macrophages and monocytes; and/or
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iv) the sample is whole blood.

7. The method according to any one of Claims 1 to 6, wherein the antigen has one or more of the following characteristics:

i) one or more peptides are used as antigen, wherein the one or more peptides have a length selected from 7
to 50 amino acids;
ii) the antigen is provided by one or more synthetic peptides;
iii) the antigen is provided by at least two sets of peptides, a first set comprising at least one peptide of from
about 7 to 14 amino acid residues in length and a second set comprising at least one peptide of from 15 amino
acid residues or greater which peptides encompass all or part of a protein antigen;
iv) the antigen is provided by one or more peptides that are recognized by a CD8+ cytotoxic T-cell; and/or
v) the antigen is provided by one or more peptides that are recognized by a CD8+ cytotoxic T-cell and wherein
the one or more peptides have a length of less than 15 amino acids, preferably having a length selected from
7-14 amino acids.

8. The method according to one or more of Claims 1 to 7, wherein in step (a) two or more different antigens are used
and/or wherein in step (b) two or more different effector molecules are detected.

9. The method according to one or more of Claims 1 to 8, wherein the antigen is a disease specific antigen, in particular
a pathogen specific antigen.

10. The method according to one or more of Claims 1 to 9, wherein the antigen has one or more of the following
characteristics:

i) the antigen is associated with or is representative for a disease or condition for which the cell-mediated immune
response is to be tested;
ii) the antigen is derived from and thus is cross-reactive with an antigen from a pathogen associated with a
disease condition or is a tumor-associated antigen associated with a cancer;
iii) the antigen is a pathogen specific antigen and wherein the pathogen is a bacterium, a virus, a parasite, yeast
or a fungus;
iv) the antigen is a pathogen specific antigen, namely a bacterium specific antigen and wherein the bacterium
is selected from Gram positive and Gram negative microorganisms, in particular Mycobacterium species such
as Mycobacterium tuberculosis, Staphylococcus species, Streptococcus species, Escherichia coli, Salmonella
species, Clostridium species, Shigella species, Proteus species, Bacillus species, Hemophilus species and
Borrelia species;
v) the antigen is a pathogen specific antigen, namely a virus specific antigen and wherein the virus is selected
from Hepatitis virus such as Hepatitis B virus and Hepatitis C virus, Herpes virus, CMV virus and Human immune
deficiency virus (HIV); and/or
vi) the antigen is from or is specific for a virus, preferably cytomegalovirus (CMV), and is provided by one or
more peptides having a length of 7 to 14 amino acid residues, 7 to 13 amino acid residues or 8 to 12 amino
acid residues.

11. The method according to any one of Claims 1 to 10, for monitoring or determining the presence, absence, level or
stage of a disease or condition selected from the group consisting of an infection by a pathogenic agent, an autoim-
mune disease, a cancer, an inflammatory condition, exposure to a toxic agent, response to a therapeutic agent, an
immunodeficiency and an immunosuppression.

12. The method according to any one of Claims 1 to 11, comprising:

(a) providing an incubation composition by contacting a whole blood sample obtained from a human subject
with a composition comprising at least one peptide antigen having a length selected from 5 to 50 amino acids
and at least one non-reducing disaccharide, preferably trehalose or sucrose, and incubating the incubation
composition for at least 2 hours; and
(b) measuring the presence or level of IFN-gamma released due to the stimulation with the antigen; wherein
the presence or quantity of detected IFN-gamma is indicative of the level of cell-mediated immune responsive-
ness of the human subject.

13. The method according to one or more of Claims 1 to 12, wherein the non-reducing sugar is selected from trehalose,
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mannitol, sucrose and raffinose and wherein preferably, the non-reducing sugar is trehalose.

14. A composition for inducing a cell mediated immune response in a sample, comprising:

a) at least one peptide antigen having a length selected from 5 to 50 amino acids, wherein the antigen is a
disease specific antigen;
b) at least one non-reducing sugar capable of increasing the interferon-gamma response of immune cells that
respond to the antigen; and
c) at least one anticoagulant, wherein the anticoagulant is heparin.

15. The composition according to Claim 14, having one or more of the following characteristics:

i) the non-reducing sugar is a non-reducing disaccharide, preferably selected from trehalose and sucrose;
ii) the non-reducing sugar is selected from trehalose, mannitol, sucrose and raffinose;
iii) the non-reducing sugar is trehalose;
iv) the antigen has one or more of the characteristics as defined in one or more of Claims 7 to 10;
v) the antigen is provided by one or more peptides, preferably synthetic peptides, having a length of less than
15 amino acids, preferably having a length selected from 7-14 amino acids; and/or
vi) the composition is a spray-dried composition.

16. A sample collection vessel, comprising the composition according to Claim 14 or 15.

17. A kit for measuring cell-mediated immune response activity in a subject, comprising at least one peptide antigen
having a length selected from 5 to 50 amino acids, at least one non-reducing sugar capable of increasing the
interferon-gamma response of immune cells that respond to the antigen, heparin, at least one sample collection
vessel and at least one detection means for interferon-gamma.

18. The kit according to Claim 17, wherein the sample collection vessel has the characteristics of the sample collection
vessel according to Claim 16.

19. Use of a non-reducing sugar in an immunological assay for measuring cell-mediated response activity to a peptide
antigen having a length selected from 5 to 50 amino acids, preferably from 7 to 50 amino acids, wherein the addition
of the non-reducing sugar during incubation of the sample with the antigen increases the release of interferon-
gamma from immune cells that respond to the peptide antigen tested in said assay, and wherein preferably, the
non-reducing sugar has one or more of the following characteristics:

i) the non-reducing sugar is a disaccharide;
ii) the non-reducing sugar is selected from trehalose and sucrose;
iii) the non-reducing sugar is selected from trehalose, mannitol, sucrose and raffinose;
iv) the non-reducing sugar is trehalose;
v) the non-reducing sugar is used in a concentration of at least 1 mg/ml, preferably 2mg/ml in the incubation
composition comprising the sample to be tested and the antigen;
vi) the non-reducing sugar is provided in the form of a composition which additionally comprises the antigen to
be tested and optionally an anticoagulant.

Patentansprüche

1. Verfahren zur Messung zellvermittelter Immunantwortaktivität, wobei das Verfahren umfasst:

(a) Bereitstellen einer Inkubationszusammensetzung durch in Kontakt bringen einer Probe, die Immunzellen
aufweist, die imstande sind nach vorheriger Stimulation durch ein Peptidantigen Immuneffektor Moleküle zu
produzieren, mit wenigstens einem Peptidantigen, das eine Länge von 5 bis 50 Aminosäuren aufweist sowie
wenigstens einem nichtreduzierenden Zucker, der imstande ist die Interferon-gamma Antwort von Immunzellen
zu steigern, die auf das Antigen reagieren; und
(b) Detektion der Anwesenheit oder des Spiegels von wenigstens einem Immuneffektor Molekül, wobei die
Detektion der Anwesenheit oder des Spiegels von wenigstens einem Immuneffektor Molekül die Detektion der
Anwesenheit oder des Spiegels von Interferon-gamma (IFN-gamma) umfasst.
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2. Das Verfahren gemäß Anspruch 1, wobei der nichtreduzierende Zucker ein nichtreduzierendes Disaccharid ist,
vorzugsweise ausgewählt aus Trehalose und Saccharose.

3. Das Verfahren gemäß Anspruch 1 oder 2, wobei die Konzentration des nichtreduzierenden Zuckers in der Inkuba-
tionszusammensetzung mindestens 1,5 mg/ml, vorzugsweise mindestens 2 mg/ml beträgt.

4. Das Verfahren gemäß einem oder mehreren der Ansprüche 1 bis 3, wobei in Schritt (a) die Probe mit einer Zusam-
mensetzung in Kontakt gebracht wird, die das Antigen und den nichtreduzierenden Zucker umfasst und wobei diese
Zusammensetzung vorzugsweise in einem Probensammelgefäß enthalten ist.

5. Das Verfahren gemäß Anspruch 4, wobei die Zusammensetzung zusätzlich ein Antikoagulans, vorzugsweise He-
parin, aufweist und wobei die Probe eine Vollblutprobe ist.

6. Das Verfahren gemäß irgendeinem der Ansprüche 1 bis 5, wobei die Probe eine oder mehrere der folgenden
Eigenschaften aufweist:

i) die Probe wurde von einem menschlichen Subjekt erhalten;
ii) die Probe wurde von einem menschlichen Subjekt, das immunsupprimiert oder immundefizient ist, erhalten;
iii) die Probe weist Immunzellen auf, ausgewählt aus der Gruppe bestehend aus NK-Zellen, T-Zellen, B-Zellen,
dendritischen Zellen, Makrophagen und Monozyten; und/oder
iv) die Probe ist Vollblut.

7. Das Verfahren gemäß irgendeinem der Ansprüche 1 bis 6, wobei das Antigen eine oder mehrere der folgenden
Eigenschaften aufweist:

i) ein oder mehrere Peptide werden als Antigen eingesetzt, wobei diese ein oder mehrere Peptide eine Länge
von 7 bis 50 Aminosäuren aufweisen;
ii) das Antigen wird durch ein oder mehrere synthetische Peptide bereitgestellt;
iii) das Antigen wird durch wenigstens zwei Sets von Peptiden bereitgestellt, wobei ein erstes Set wenigstens
ein Peptid mit einer Länge von etwa 7 bis 14 Aminosäureresten aufweist und ein zweites Set wenigstens ein
Peptid mit 15 oder mehr Aminosäureresten aufweist, wobei die Peptide alles oder einen Teil eines Proteinan-
tigens umfassen;
iv) das Antigen wird durch ein oder mehrere Peptide bereitgestellt, die von einer CD8+ zytotoxischen T-Zelle
erkannt werden; und/oder
v) das Antigen wird durch ein oder mehrere Peptide bereitgestellt, die von einer CD8+ zytotoxischen T-Zelle
erkannt werden und wobei die ein oder mehrere Peptide eine Länge von weniger als 15 Aminosäuren aufweisen,
vorzugsweise eine Länge von 7 bis 14 Aminosäuren aufweisen.

8. Das Verfahren gemäß einem oder mehreren der Ansprüche 1 bis 7, wobei in Schritt (a) zwei oder mehr verschiedene
Antigene eingesetzt werden und/oder wobei in Schritt (b) zwei oder mehr verschiedene Effektor Moleküle detektiert
werden.

9. Das Verfahren gemäß einem oder mehreren der Ansprüche 1 bis 8, wobei das Antigen ein krankheitsspezifisches
Antigen ist, insbesondere ein pathogenspezifisches Antigen.

10. Das Verfahren gemäß einem oder mehreren der Ansprüche 1 bis 9, wobei das Antigen eine oder mehrere der
folgenden Eigenschaften aufweist:

i) das Antigen ist assoziiert mit oder ist repräsentativ für eine Krankheit oder einen Zustand wofür die zellver-
mittelte Immunantwort zu testen ist;
ii) das Antigen ist abgeleitet von und daher kreuzreaktiv mit einem Antigen eines Pathogens, das mit einem
Krankheitszustand assoziiert wird, oder ist ein tumorassoziiertes Antigen, das mit Krebs assoziiert wird;
iii) das Antigen ist ein pathogenspezifisches Antigen, wobei das Pathogen ein Bakterium, ein Virus, ein Parasit,
eine Hefe oder ein Pilz ist;
iv) das Antigen ist ein pathogenspezifisches Antigen, nämlich ein bakterienspezifisches Antigen und wobei das
Bakterium ausgewählt ist aus grampositiven und gramnegativen Mikroorganismen, insbesondere Mykobakte-
rienarten, wie z.B. Mycobakterium tuberculosis, Staphylokokkenarten, Streptokokkenarten, Escherichia coli,
Salmonellenarten, Clostridienarten, Shigellaarten, Proteusarten, Bacillusarten, Haemophilusarten und Borreli-
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enarten;
v) das Antigen ist ein pathogenspezifisches Antigen, nämlich ein virusspezifisches Antigen und wobei das Virus
ausgewählt ist aus Hepatitisviren, wie z.B. Hepatitis B Virus und Hepatitis C Virus, Herpesviren, Cytomegaloviren
(CMV) und Humanem Immundefizienz-Virus (HIV); und/oder
vi) das Antigen stammt von oder ist spezifisch für einen Virus, vorzugsweise ein Cytomegalovirus (CMV) und
wird bereitgestellt durch ein oder mehrere Peptide, die eine Länge von 7 bis 14 Aminosäureresten, 7 bis 13
Aminosäureresten oder 8 bis 12 Aminosäureresten aufweisen.

11. Das Verfahren gemäß irgendeinem der Ansprüche 1 bis 10 zur Überwachung (Monitoring) oder Bestimmung der
Anwesenheit, Abwesenheit, des Spiegels oder der Phase einer Krankheit oder eines Zustands ausgewählt aus der
Gruppe bestehend aus einer Infektion mit einem pathogenen Agens, einer Autoimmunkrankheit, einer Krebserkran-
kung, einem Entzündungszustand, dem Kontakt mit einem toxischen Agens, die Reaktion auf ein therapeutisches
Agens, eine Immundefizienz und einer Immunsuppression.

12. Das Verfahren gemäß irgendeinem der Ansprüche 1 bis 11, umfassend:

(a) die Bereitstellung einer Inkubationszusammensetzung durch das in Kontakt bringen einer Vollblutprobe, die
von einem menschlichen Subjekt gewonnen wurde, mit einer Zusammensetzung, die wenigstens ein Peptidan-
tigen mit einer Länge von 5 bis 50 Aminosäuren und wenigstens einen nichtreduzierenden Zucker, vorzugsweise
Trehalose oder Saccharose, aufweist und Inkubation der Inkubationszusammensetzung für wenigstens 2 Stun-
den; und
(b) das Messen der Anwesenheit oder des Spiegels von IFN-gamma, das durch die Stimulation mit dem Antigen
freigesetzt wurde, wobei die Anwesenheit oder die Menge des detektierten IFN-gammas indikativ ist für den
Grad der zellvermittelten Immunantwort des menschlichen Subjekts.

13. Das Verfahren gemäß einem oder mehreren der Ansprüche 1 bis 12, wobei der nichtreduzierende Zucker ausgewählt
ist aus Trehalose, Mannitol, Saccharose und Raffinose und wobei der nicht reduzierende Zucker vorzugsweise
Trehalose ist.

14. Eine Zusammensetzung zur Induktion einer zellvermittelten Immunantwort in einer Probe, aufweisend

a) wenigstens ein Peptidantigen, das eine Länge von 5 bis 50 Aminosäuren aufweist, wobei das Antigen ein
krankheitsspezifisches Antigen ist;
b) wenigstens einen nichtreduzierenden Zucker, der imstande ist die Interferon-gamma Antwort von Immun-
zellen zu steigern, die auf das Antigen reagieren; und
c) wenigstens ein Antikoagulans, wobei das Antikoagulans Heparin ist.

15. Die Zusammensetzung gemäß Anspruch 14, wobei diese ein oder mehrere der folgenden Eigenschaften aufweist:

i) der nichtreduzierende Zucker ist ein nichtreduzierendes Disaccharid, vorzugsweise ausgewählt aus Trehalose
und Saccharose;
ii) der nichtreduzierende Zucker ist ausgewählt aus Trehalose, Mannitol, Saccharose und Raffinose;
iii) der nichtreduzierende Zucker ist Trehalose;
iv) das Antigen hat eine oder mehrere Eigenschaften wie in einem oder mehreren der Ansprüchen 7 bis 10
definiert;
v) das Antigen wird durch ein oder mehrere Peptide bereitgestellt, vorzugsweise synthetische Peptide, die eine
Länge von weniger als 15 Aminosäuren aufweisen, vorzugsweise mit einer Länge von 7 bis 14 Aminosäuren;
und/oder
vi) die Zusammensetzung ist eine sprühgetrocknete Zusammensetzung.

16. Ein Probensammelgefäß, aufweisend die Zusammensetzung gemäß Anspruch 14 oder 15.

17. Ein Kit zur Messung der zellvermittelter Immunantwortaktivität in einem Subjekt, aufweisend wenigstens ein Pep-
tidantigen mit einer Länge von 5 bis 50 Aminosäuren, wenigstens einen nichtreduzierenden Zucker, der imstande
ist die Interferon-gamma Antwort von Immunzellen zu steigern, die auf das Antigen reagieren, Heparin, wenigstens
ein Probensammelgefäß und wenigstens ein Mittel zur Detektion von Interferon-gamma.

18. Das Kit gemäß Anspruch 17, wobei das Probensammelgefäß die Eigenschaften des Probensammelgefäßes gemäß
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Anspruch 16 aufweist.

19. Verwendung eines nichtreduzierenden Zuckers in einem immunologischen Assay zur Messung der zellvermittelter
Immunantwortaktivität auf ein Peptidantigen, das eine Länge von 5 bis 50 Aminosäuren aufweist, vorzugsweise von
7 bis 50 Aminosäuren, wobei das Hinzufügen des nichtreduzierenden Zuckers während der Inkubation der Probe
mit dem Antigen die Freisetzung von Interferon-gamma aus Immunzellen erhöht, die auf das in dem Assay getesteten
Peptidantigen reagieren, und wobei der nichtreduzierende Zucker vorzugsweise eine oder mehrere der folgenden
Eigenschaften aufweist

i) der nichtreduzierende Zucker ist ein Disaccharid;
ii) der nichtreduzierende Zucker ist ausgewählt aus Trehalose und Saccharose;
iii) der nichtreduzierende Zucker ist ausgewählt aus Trehalose, Mannitol, Saccharose und Raffinose;
iv) der nichtreduzierende Zucker ist Trehalose;
v) der nichtreduzierende Zucker wird in einer Konzentration von mindestens 1 mg/ml, vorzugsweise 2 mg/ml
in der Inkubationszusammensetzung eingesetzt, die die zu testende Probe und das Antigen aufweist;
vi) der nichtreduzierende Zucker wird bereitgestellt in Form einer Zusammensetzung, die zusätzlich das zu
testende Antigen und optional ein Antikoagulans aufweist.

Revendications

1. Procédé de mesure d’une activité de réponse immunitaire à médiation cellulaire, ledit procédé comprenant:

(a) la fourniture d’une composition d’incubation par mise en contact d’un échantillon comprenant des cellules
immunitaires capables de produire des molécules effectrices immunitaires après stimulation par un antigène
peptidique, avec au moins un antigène peptidique ayant une longueur choisie de 5 à 50 acides aminés et avec
au moins un sucre non réducteur capable d’augmenter la réponse d’interféron gamma de cellules immunitaires
qui répondent à l’antigène ; et
(b) la détection de la présence ou du taux d’au moins une molécule effectrice immunitaire, dans lequel la
détection de la présence ou du taux d’au moins une molécule effectrice immunitaire comprend la détection de
la présence ou du taux d’interféron-gamma (INF-gamma).

2. Procédé selon la revendication 1, dans lequel le sucre non réducteur est un disaccharide non réducteur, de préférence
choisi parmi le tréhalose et le saccharose.

3. Procédé selon la revendication 1 ou 2, dans lequel la concentration du sucre non réducteur dans la composition
d’incubation est d’au moins 1,5 mg/ml, de préférence au moins 2 mg/ml.

4. Procédé selon une ou plusieurs des revendications 1 à 3, dans lequel, dans l’étape (a), l’échantillon est mis en
contact avec une composition qui comprend l’antigène et le sucre non réducteur et dans lequel, de préférence,
ladite composition est contenue dans une cuve de collecte d’échantillon.

5. Procédé selon la revendication 4, dans lequel la composition comprend en outre un anticoagulant, de préférence
l’héparine, et dans lequel l’échantillon est un échantillon de sang total.

6. Procédé selon l’une quelconque des revendications 1 à 5, dans lequel l’échantillon présente une ou plusieurs des
caractéristiques suivantes :

i) l’échantillon a été obtenu à partir d’un sujet humain ;
ii) l’échantillon a été obtenu à partir d’un sujet humain qui est immunodéprimé ou immunodéficient ;
iii) l’échantillon comprend des cellules immunitaires choisies dans le groupe constitué de cellules NK, lympho-
cytes T, lymphocytes B, cellules dendritiques, macrophages et monocytes ; et/ou
iv) l’échantillon est du sang total.

7. Procédé selon l’une quelconque des revendications 1 à 6, dans lequel l’antigène présente une ou plusieurs des
caractéristiques suivantes :

i) un ou plusieurs peptides sont utilisés en tant qu’antigène, dans lequel les un ou plusieurs peptides ont une
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longueur choisie de 7 à 50 acides aminés ;
ii) l’antigène est constitué d’un ou plusieurs peptides synthétiques ;
iii) l’antigène est constitué d’au moins deux ensembles de peptides, un premier ensemble comprenant au moins
un peptide d’environ 7 à 14 résidus d’acide aminé de longueur et un deuxième ensemble comprenant au moins
un peptide de 15 résidus d’acide aminé ou plus, lesdits peptides couvrant la totalité ou une partie d’un antigène
protéique ;
iv) l’antigène est constitué d’un ou plusieurs peptides qui sont reconnus par un lymphocyte T cytotoxique CD8+ ;
et/ou
v) l’antigène est constitué d’un ou plusieurs peptides qui sont reconnus par un lymphocyte T cytotoxique CD8+

et dans lequel les un ou plusieurs peptides ont une longueur inférieure à 15 acides aminés, de préférence ayant
une longueur choisie de 7 à 14 acides aminés.

8. Procédé selon une ou plusieurs des revendications 1 à 7, dans lequel, dans l’étape (a) deux ou plus de deux
antigènes différents sont utilisés et/ou dans lequel, dans l’étape (b), deux ou plus de deux molécules effectrices
différentes sont détectées.

9. Procédé selon une ou plusieurs des revendications 1 à 8, dans lequel l’antigène est un antigène spécifique à une
maladie, en particulier un antigène spécifique à un agent pathogène.

10. Procédé selon une ou plusieurs des revendications 1 à 9, dans lequel l’antigène présente une ou plusieurs des
caractéristiques suivantes :

i) l’antigène est associé à ou est représentatif d’une maladie ou affection pour laquelle la réponse immunitaire
à médiation cellulaire doit être testée ;
ii) l’antigène est dérivé de et, par conséquent, présente une réaction croisée avec, un antigène d’un agent
pathogène associé à un état pathologique ou est un antigène associé à une tumeur associé à un cancer ;
iii) l’antigène est un antigène spécifique à un agent pathogène et dans lequel l’agent pathogène est une bactérie,
un virus, un parasite, une levure ou un champignon ;
iv) l’antigène est un antigène spécifique à un agent pathogène, à savoir un antigène spécifique à une bactérie
et dans lequel la bactérie est choisie parmi des micro-organismes Gram positif et Gram négatif, en particulier
des espèces de Mycobacterium telles que Mycobacterium tuberculosis, des espèces de Staphylococcus, des
espèces de Streptococcus, Escherichia coli, des espèces de Salmonella, des espèces de Clostridium, des
espèces de Shigella, des espèces de Proteus, des espèces de Bacillus, des espèces d’Hemophilus et des
espèces de Borrelia ;
v) l’antigène est un antigène spécifique à un agent pathogène, à savoir un antigène spécifique à un virus et
dans lequel le virus est choisi parmi un virus de l’hépatite tel que le virus de l’hépatite B et le virus de l’hépatite
C, le virus de l’herpès, le virus CMV et le virus d’immunodéficience humaine (VIH) ; et/ou
vi) l’antigène provient de ou est spécifique à un virus, de préférence le cytomégalovirus (CMV), et est constitué
d’un ou plusieurs peptides ayant une longueur de 7 à 14 résidus d’acide aminé, 7 à 13 résidus d’acide aminé
ou 8 à 12 résidus d’acide aminé.

11. Procédé selon l’une quelconque des revendications 1 à 10, pour surveiller ou déterminer la présence, l’absence,
le niveau ou le stade d’une maladie ou affection choisie dans le groupe constitué d’une infection par un agent
pathogène, une maladie auto-immune, un cancer, une affection inflammatoire, l’exposition à un agent toxique, la
réponse à un agent thérapeutique, une immunodéficience et une immunosuppression.

12. Procédé selon l’une quelconque des revendications 1 à 11, comprenant :

(a) la fourniture d’une composition d’incubation par mise en contact d’un échantillon de sang total obtenu à
partir d’un sujet humain avec une composition comprenant au moins un antigène peptidique ayant une longueur
choisie de 5 à 50 acides aminés et au moins un disaccharide non réducteur, de préférence le tréhalose ou le
saccharose, et l’incubation de la composition d’incubation pendant au moins 2 heures ; et
(b) la mesure de la présence ou du taux d’IFN-gamma libéré en raison de la stimulation avec l’antigène ; dans
lequel la présence ou la quantité d’IFN-gamma détectée est indicative du niveau de réactivité immunitaire à
médiation cellulaire du sujet humain.

13. Procédé selon une ou plusieurs des revendications 1 à 12, dans lequel le sucre non réducteur est choisi parmi le
tréhalose, le mannitol, le saccharose et le raffinose et dans lequel, de préférence, le sucre non réducteur est le
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tréhalose.

14. Composition pour induire une réponse immunitaire à médiation cellulaire dans un échantillon, comprenant :

a) au moins un antigène peptidique ayant une longueur choisie de 5 à 50 acides aminés, l’antigène étant un
antigène spécifique à une maladie ;
b) au moins un sucre non réducteur capable d’augmenter la réponse d’interféron gamma de cellules immunitaires
qui répondent à l’antigène ; et
c) au moins un anticoagulant, l’anticoagulant étant l’héparine.

15. Composition selon la revendication 14, ayant une ou plusieurs des caractéristiques suivantes :

i) le sucre non réducteur est un disaccharide non réducteur, de préférence choisi parmi le tréhalose et le
saccharose ;
ii) le sucre non réducteur est choisi parmi le tréhalose, le mannitol, le saccharose et le raffinose ;
iii) le sucre non réducteur est le tréhalose ;
iv) l’antigène présente une ou plusieurs des caractéristiques telles que définies dans l’une ou plusieurs des
revendications 7 à 10 ;
v) l’antigène est fourni par un ou plusieurs peptides, de préférence des peptides synthétiques, ayant une longueur
inférieure à 15 acides aminés, de préférence ayant une longueur choisie de 7 à 14 acides aminés ; et/ou
vi) la composition est une composition séchée par pulvérisation.

16. Récipient de collecte d’échantillon, comprenant la composition selon la revendication 14 ou 15.

17. Trousse de mesure d’activité de réponse immunitaire à médiation cellulaire chez un sujet, comprenant au moins
un antigène peptidique ayant une longueur choisie de 5 à 50 acides aminés, au moins un sucre non réducteur
capable d’augmenter la réponse d’interféron gamma de cellules immunitaires qui répondent à l’antigène, de l’hé-
parine, au moins un récipient de collecte d’échantillon et au moins un moyen de détection d’interféron gamma.

18. Trousse selon la revendication 17, dans laquelle le récipient de collecte d’échantillon présente les caractéristiques
du récipient de collecte d’échantillon selon la revendication 16.

19. Utilisation d’un sucre non réducteur dans un dosage immunologique pour mesurer l’activité de réponse à médiation
cellulaire à un antigène peptidique ayant une longueur choisie de 5 à 50 acides aminés, de préférence de 7 à 50
acides aminés, dans laquelle l’ajout du sucre non réducteur pendant l’incubation de l’échantillon avec l’antigène
augmente la libération d’interféron-gamma à partir de cellules immunitaires qui répondent à l’antigène peptidique
testé dans ledit dosage, et dans laquelle, de préférence, le sucre non réducteur présente une ou plusieurs des
caractéristiques suivantes :

i) le sucre non réducteur est un disaccharide ;
ii) le sucre non réducteur est choisi parmi le tréhalose et le saccharose ;
iii) le sucre non réducteur est choisi parmi le tréhalose, le mannitol, le saccharose et le raffinose ;
iv) le sucre non réducteur est le tréhalose ;
v) le sucre non réducteur est utilisé à une concentration d’au moins 1 mg/ml, de préférence 2 mg/ml dans la
composition d’incubation comprenant l’échantillon d’essai et l’antigène ;
vi) le sucre non réducteur est fourni sous la forme d’une composition qui comprend en outre l’antigène d’essai
et, facultativement, un anticoagulant.
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