WO 2011/ 113953PCT/ EP2011/ 054207 In Vitro Process for the Quick

Determ nation of a Patient's Status Relating to Infection with

Mycobact ewpumubsscul osis The present invention rel at @sTiEP2010/054207 O
processes for the quick determination of the infection status of a
Mycobact eri um tubercul osis infection fromwhol e bl ood. 5Tubercul osis (TBC)
is leading the worldw de statistics of deadly infectious di seases, wherein
only about five to ten percent of those infected vvlth l\/ycobacterl um
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(Figure 1). Wththedfrect detectt o of -t e pathogen by abof ory
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with skin tests or an 10 i munol ogi cal test, the disease can only
insufficiently be clinically diagnosed. Thus, it is currently not possible
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The diagnosis of tuberculosis is ensured if a detection of the pathogens in

culture _15 is available. this | s successful without difficulties
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days, resulting in a svv_el I | ng. This is a type IV reaction according to
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15 is available. However, this is successful without difficulties only if the tuberculous

tissue alterations are connected to the bronchial system, the efferent urinary
tract or the intestine and can be excreted. Otherwise, it can be tried to obtain
material by punctures with needles or directly by sampling tissue. Due to the
slow growth of Mycobacterium tuberculosis on conventional solid media, in these
20  cases, it is necessary to wait for four to six weeks to obtain a result, and in liquid
cultures, the detection may be successful already after about two weeks with

modern detection methods for mycobacterial growth.

In the indirect detection by means of a skin test or immunological detection, for
example, in the Mendel-Mantoux intracutaneous tuberculin test, a defined
25 amount of purified and filtered antigens from mycobacteria (tuberculin) is
injected into the epidermis. If the immune system of the tested subject has had
contact with mycobacteria before, a defense reaction with immigration of
defense cells into the skin occurs at the respective site within three days,
resulting in a swelling. This is a type IV reaction according to Coombs. As early

30 as six weeks after an infection with TBC, the test may become positive. A



WO 2011/ 113953PCT/ EP2011/ 054207 2 - pal pable induration at the testing
siteis referred to as a positive reaction. This may nean that a

t uber cul owdDOiMfIewBI on has taken place. However, the tegCTdPes 10ei205ay
anyt hi ng about the presence of a disease. A positive test reaction is also
possi ble after a tubercul osis vaccination. |f the skin remai ns unchanged at
the 5 testing site or only shows a rash, this is considered a negative
result. A tuberculosis infection is excluded then with a high probability.
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expl ai ns'8akEOYery hi gh specificity of the tests between true tubercul osis
infec- 25 tions and infections from atypical mycobacteria or immunity
acquired by vaccination. Two test systens for the I[FNNy test are currently
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pr oduci nigsY, defepbecgtiesrom the blood are stimulated with a mixture of antlgens from
15  Mycobacterium tuberculosis. If these cells have been in contact with the patho-
gens before due to a tuberculosis infection, they form an increased amount of

the messenger IFN-y. It can be determined in the cell supernatant, and in blood

samples from infected subjects, it is at a clearly higher level than that of a

negative control, which is to be carried along. For stimulation, the antigens

20 ESAT-6 (early secreted antigenic target), CFP-10 (culture filtrate protein) and
Tb7.7 are employed. They are formed in the early phase of infection and are not
produced by most of the so-called non-tuberculosis mycobacteria, nor by the
vaccination strains of the mycobacteria used for the BCG vaccination. This

explains the very high specificity of the tests between true tuberculosis infec-

25 tions and infections from atypical mycobacteria or immunity acquired by
vaccination. Two test systems for the IFN-y test are currently approved in the
European Union, namely QuantiFERON-TB® Gold In-Tube from Cellestis, which

detects IFN-y production by means of ELISA, and the T.SPOT.TB test from

Oxford Immunotec, which also detects the number of producing T lymphocytes

30 by means of Elispot in addition to the production of IFN-y. In both tests, blood
(QuantiFERON-TB® Gold In-Tube) or isolated mononuclear blood cells
(T.SPOT.TB) must be incubated with the antigens for 20 hours, so that a test



30 by neans of Elispot in addition to the production of IFN-y. In both
tests, blood (Quanti FERON-TB(r) Gold I n-Tube) or isolated nononucl ear bl ood
cel s (T.8BQi1MBy9sauUst be incubated with the antigens fecTdP60wsLp7 so that
a test WD 2011/ 113953PCT/ EP2011/054207 3 - result is available on the
next day at the earliest. The sensitivijy of these tests for a past contact
with M tuberculosis is stated to range’from 82 to 100% in different
studies, the specificity in |l owrisk controls is being stated to be 98%
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al publ iwhbd low peraienemeitbeéogy 66, 950- 961 (2005) about direct Ex Vivo
detection of HLA-DR3-restricted cytonegal ovirus- and Mycobacterium

t ubercul osi s-specific CD4+ T cells. Vernon C. Miino and Louis Picker
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published in Human immunology 66, 950-961 (2005) about direct Ex Vivo
detection of HLA-DR3-restricted cytomegalovirus- and Mycobacterium tuberculo-
sis-specific CD4+ T cells. Vernon C. Maino and Louis Picker described intracellu-

lar detection of cytokine expression by flow cytometry (Cytometry 34:207-215

25  (1998). T. Meier et al reported in Eur J Clin Microbiol Infect Dis (2005) 24: 529-
536 about sensitivity of a new commercial enzyme-linked immunospot assay (T
SPOT-TB) for diagnosis of tuberculosis in clinical practice. Holden T. Maecker et

al. reported in BMC Immunology 2005, 6:13 about standardization of cytokine

flow cytometry assays. Maria A. Suni et al. disclose the detection of antigen-

30 specific T cell cytokine expression in whole Blood by flow cytometry (Journal of
Immunological Methods 212 (1998) 89-98). Streitz M, et al. reported that
tuberculin-specific T-cell responses have low diagnostic specificity in BCG
vaccinated populations. While subunit-antigen (e.g. ESAT-6, CFP-10) based tests



4 - are useful for diagnosing |atent tuberculosis infection, there is no
reliabl e i munol ogi cal test for active pul nobnary tubercul osis. Notably, all
exi sti ng wormnoliegsdcal tubercul osis-tests are based on Peralrkomesponse

si ze, whereas the diagnostic potential of T-cell response quality has never
been explored. This 5 includes surface marker expression and functionality
of nycobacterial antigen specific T-cél4s ((2007) Loss of Receptor on
Tubercul i n-Reactive T-Cells Marks Active Pul mnonary Tubercul osis. PLoS ONE
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conpri si Rrinfae 88 GRStHY clinical immunology laboratory. The methodology offers an

improved cytometric intracellular cytokine assay in whole blood that can simul-
20 taneously measure multiple T cell subsets expressing multiple cytokines from a
single whole blood culture. Evaluation of whole blood antigen specific cytokine
responses has the important advantage of assessing T cell activation in the
presence of ALL types of MHC autologous antigen presenting cells present in the
native sample. It also has the advantage of enabling a culture system (whole
25 blood) which can reflect effects of systemic environments (i.e. drug augmenta-
tion or suppression) on T cell responses to specific stimuli including antigen, by
either culturing in the presence of such drug or analyzing the blood of a human

or animal receiving such drug.

It is an object of the present invention to provide a process that avoids the
30 drawbacks of the prior art and offers a quick and reliable diagnostic method that
additionally allows distinguishing between an acute infection and a latent

infection.



stinmulating an antigen-specific T cell that is present in a first sanple of
5whol e blood with purified protein derivative (PPD) in the presence of
anti- bodveomgadysst CD28, or CD28 and CD49d; processi rgTaPr203RDs4297
antigen-presenting cells (APC) by incubating for 1.5 h to 2.5 h, especially
for 2 h, at 35 Cto 39 C, especially at_37 C, optionally with adding CO2;
10t hen adding a secretion inhibitor; A fecti ng an intensive mxing; and
anot her incubation for a period of at least 2.5 h at a tenperature of from

35 Cto .and. : er m ni ¢! rof.i t
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to deci de whether these are due to contact with Mycobacterium tubercul osis
or due to cometies aoainshéa&iurCP8@dny/edBact eri a or due to a vaccination
response. WD 2011/ 113953PCT/ EP2011/ 054207 6 -

o processing of PPD by antigen-presenting cells (APC) by incubating for
1.5 h to 2.5 h, especially for 2 h, at 35°C to 39 °C, especially at 37 °C,
optionally with adding CO,;

10 e then adding a secretion inhibitor;
. effecting an intensive mixing; and
o another incubation for a period of at least 2.5 h at a temperature of from

35°C to 39 °C, and

o determining a cytokine profile from both the intracellular INF-y production
15 and the intracellular IL-2 production of the antigen-specific T cell; wherein
o the presence of an active tuberculosis is indicated by a shift of the

cytokine profile towards IFN-y single positive cells accompanied by a decrease of
IFN-y/IL-2 double positive T cells.

In one embodiment of the process according to the invention, another stimula-
20  tion with PBS, SEB, ESAT-6 CFP-10 and/or vaccination antigen may be effected
in addition to said stimulation with PPD. This may be indicated when antigen-
specific cells are present in order to decide whether these are due to contact
with Mycobacterium tuberculosis or due to contact with non-tuberculous myco-

bacteria or due to a vaccination response.



I n anot her enbodi nent of the invention, a negative control is perforned by
adding a buffer, in particular a physiologically acceptable buffer, such as
PBS 0. 9%0N&0l2001m113¢%8 3 ucose to an anti gen-specific cell tvhateresi1ps2sent in

t he whol e bl ood of a second sanple, which is authentic with said first
sanple ("authentic 5w th" neaning "deri%ed fromthe sane source as"). In

anot her enbodi nent of the invention, a ‘positive control can be perforned by

adding SEB to an antigen-specific T cell that is present in the whole bl ood

of a third e ' [ i ith_saj ' e
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ef f et edVibh" aeRAMQI EdATvVEd friogn thgSayne sevieiesds ant i geni ¢ target) and CFP- 10
(culture filtrate protein) to an antigen-specific T cell that is present in

t he whol e blood of a fourth sanple, which is authentic with said first
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i nvention, the secretion inhibitor is selected fromthe group consisting of

brefeldin A nonensin or the |ike. According to the invention, the
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di agnost Ajge g% Ta EBSrbNWAREAG 0Rnot a contact with non-tuberculosis mycobac-
teria took place in the whole blood donor can be effected by adding ESAT-6

15 (early secreted antigenic target) and CFP-10 (culture filtrate protein) to an
antigen-specific T cell that is present in the whole blood of a fourth sample,

which is authentic with said first sample.

In another embodiment a vaccination control can take place by adding the
vaccination antigen to an antigen-specific T-cell that is present in the whole
20  blood of a fifth sample which is authentic with said first sample.

In still another embodiment of the process according to the invention, the
secretion inhibitor is selected from the group consisting of brefeldin A, monensin
or the like.

According to the invention, the determination of the cytokine profile is effected
25 by means of suitable methods, such as flow cytometry.

The process according to the invention can be applied to whole blood samples

from humans or animals.



S5treatnment decision or regine is established as follows: a. a prophylaxis,
such as INH or an active treatnent, such as quadruple therapy is indicated
i n cases,wohere13esshi ft of the cytokine profil e towardspCEMPyoSionghe
positive cells acconpani ed by a decrease of IFN-y/I1L-2 double positive
cells was detected; 10bl. if diagnostic investigations revealed a |atent
infection with Nycobacteriun1tubercu|6§Z§ by IFN-y/1L-2 double positive
cells and no information about previous testing is available, no acute
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decrease ofy Pk yibbis-By O!I‘FNIb{/FILpﬁ’Sdédﬁ{f Sitive WaRls dgnd 3y ‘?r%?ﬁvatl% abbut

di agnostic investigations revealed a [atent Infection wth Mycobacterium
t uber cul osi BreyjousFespingLis2a i ldble: posdauke éheedpysisanecassamnfamidntite patiabbut

VO 2011/ 113903 T EERUA AitRRT2 Q6 4 weeks;
b2. if diagnostic investigations revealed a latent infection with Mycobacterium
15 tuberculosis by IFN-y/IL-2 double positive cells and if in previous testing for
latent infection with Mycobacterium tuberculosis did reveal no contact with
Mycobacterium tuberculosis so far, a prophylaxis, such as INH therapy is
indicated;
cl. no acute therapy is indicated if the patient shows no response.
20  c2. in case the patient reveals any clinical symptoms, retesting is indicated.

The process according to the invention can further be employed to investigate
whole blood which was obtained from a person before receiving immunosuppres-
sive drugs or in an immune-incompetent state like HIV infection.

Depending on the result of the diagnostic assay of the invention a treatment

25  decision or regime is established as follows:

a. a prophylaxis, such as INH or an active treatment, such as quadruple
therapy, and optionally delaying of immunosuppressive therapy, is indicated
in cases, where a shift of the cytokine profile towards IFN-y single positive
cells accompanied by a decrease of IFN-y/IL-2 double positive cells was de-

30 tected;

bl. if diagnostic investigations revealed a latent infection with Mycobacterium

tuberculosis by IFN-y/IL-2 double positive cells and no information about



8 - previous testing is available, inmunosuppressive therapy is possible
and the patient has to retested within 2 to 4 weeks; b2. if diagnostic

i nvesti gavoaus/mssseal ed a | atent infection with M/cobactrerippmttiobeotul osi s
by 1FN-y/I1L-2 double positive cells and if in previous testing for 5

| atent infection with Mycobacterium tubercul osis did reveal no contact with
Mycobact eri um tubercul osis so far, a prophylaxis, such as |INH therapy, and
optionally del ayi ng of imunosuppressive therapy, is indicated as well as

retesting o tihent. Wi rhin 2. i ' jve
therapy is érgbﬂogjgsloﬁes?uﬁ gt'ﬁ\ég\}ﬁ% |B|éant' %@WF%@%%EE%W&S%@g%&ﬁe
pati ent revestientadms @ ratest@ld withipt 21ve,4 wekksfing i s indicated. The process
accor di to the invention can further be | oyed to inyestigate whole

bl ood wiH\ESRRTHE HuFoFioaRPas Jeveslsd: s BERR T ESORMLE: Hyeokstenm
infection. Apbeaapsisng oNINe -Degulible Posithre derIBALF tn BeSAYUSTtebtney for
invention a treatnment decision or reginme is established as follows:™ a. an
acti ve tredBRmtinfegiian adtha Myse8eaisrem HebapsH/ogs i didi rexeall nPncrdges Witkher e
a shift of q] i)e;: I ngl i i

acconpani e ggogycgg}élr’@g@%b)loﬁﬁf %"ﬁr‘fga 85%'?@%‘3’5 isﬁ F@ga%cfewlﬁgh\%gésd yze?nedct ed;
20 bl . if doEtgpraslyi delayirestaf gatinonssupyeakiod therbpyermd inditettd aa wetl has

bacterium tubercul osis by LEN-y/I1L:2 doubl it N d
i or mat + orl SEHID B A BCeTEut WY © AYaKab) ¢, an acut e inf ection 1

unl i kel yc1.amralhesngbriesiveithgras) B ticsbéginbetieopatidet slowand feRpopsd; ent has
to retested within 2 to 4 weeks; 25b2. 1f diagnostic investigations

revédl edc4 'Paﬁaéﬁtthﬁrﬁ%teﬂtd’ﬁvﬁﬁ'ﬁrﬁﬂwgﬁh%t%/mmnﬂ%ﬂ’@%ﬂ!Qﬁ’sISs'”%y:aFﬁ\i- y/1L-2
doubl e positive cells and if in previous testing for latent infection with
Mycobact eri um tubercul osis did reveal no contact with Mycobacterium

t uber cul B3 precedsaaccardingophyrhaxngentior caasfurierobe eampaloyiedeto imvgistigate

Sreh, 2 L Wl SRR ol A e bt el g e
Nno responsaction.

15 Depending on the result of the diagnostic assay of the invention a treatment

decision or regime is established as follows:

a. an active treatment, such as a quadruple therapy is indicated in cases,
where a shift of the cytokine profile towards IFN-y single positive cells ac-
companied by a decrease of IFN-y/IL-2 double positive cells was detected;

20  bl.if diagnostic investigations revealed an latent infection with Mycobacterium
tuberculosis by IFN-y/IL-2 double positive cells and no information about
previous testing is available, an acute infection is unlikely, an alternative
diagnosis is to be considered, and the patient has to retested within 2 to 4
weeks;

25  b2.if diagnostic investigations revealed a latent infection with Mycobacterium
tuberculosis by IFN-y/IL-2 double positive cells and if in previous testing for
latent infection with Mycobacterium tuberculosis did reveal no contact with
Mycobacterium tuberculosis so far, a prophylaxis, such as INH or an active
treatment, such as quadruple therapy is indicated and the patient has to be

30 retested within 2 to 4 weeks;

cl. no acute therapy is indicated if the patient shows no response;

c2. in case the patient reveals any clinical symptoms, retesting is indicated.



c2. in case the patient reveals any clinical synptons, retesting is

i ndi cated. WD 2011/ 113953PCT/ EP2011/054207 9 - Figure 1 depicts the

i nfecti orwoyele18d53M tubercul osis. Figure 2 shows a fl| ecHE®PR@IBSNDT

anal ysis of the antigen-specific T cells, which were identified nerely by

t he analysis of the cytokine IFNy. It s found that a distinction between
an active tuberculosis (A-TB) and a suctessfully treated 5 tuberculosis
(T-TB) is not possible by the sole analysis of IFNy independently of the

sti mul at# : ont({;éé)tpg)gthg%%&ﬁﬁsc (ég O[.J_p4 t g%gnqsqu CFP-10 only allow for a

dlscrlmn ving act wwth M tubercul osis
(ESAT-6 and/or CFP-10 positive) and patl ents with a pure BCG vacci natl on

froquenciS ey Fadls anp BeAREALL Talgs e predisBibBeor fseriid
t uber cul weréldeﬁtTE):l @edelyuby elod anwlytsh.: stithee sptaking IEN eatiedvdsuforinciuthasiszs

(T-TB). T.cells wereldentlfle the ac ation via CD69 and the
Speci 1] ARt dietwieeneany SEveREberiulpdS: BETa)Chad ) S ksserronRt TeRted wi ¢ n

A- TB shavg bk 8Nbéis qaiBy |§‘h9@965§|b%qb'%'ﬂﬁé %%Ié)fang’lp ss@reﬂil\f anJeﬁé%déwtlyaof
di stinction between an 15 active tuberculosis (A a successfully

treat ed thepsliroulasionswitin-PRE), FSATEt op&E8T Y eE%TtG“uénédIFé’ d0anygiadowf foreN- y
| the | il o P BB P b AL AR A BBk WHOM! TuAc SR REAY-hous

| FN-y/ I L- I ne profi s in tour rents with
successfand/prt CERt16d posltare)ubodi patidrits p/a]hcenpagaesB@G VMryatlcﬁo respghse

Quant | 1 GPATIOHS FFBURLNBReEYS Ter T @lte. The predom nant propor tion of
the cells expresses both cytoklnes.
10  Figure 3 shows the frequency distribution of PPD-specific T cells in patients with
active tuberculosis (A-TB) and subjects with successfully treated tuberculosis (T-
TB). The T cells were identified by the activation via CD69 and the specific
induction of IFN-y by PPD. It is found that although patients with A-TB have
significantly higher frequencies of PPD-specific T cells, a distinction between an
15 active tuberculosis (A-TB) and a successfully treated tuberculosis (T-TB) is not
possible by the sole analysis of IFN-y in the individual case due to the large

overlap.

Figure 4 exemplarily shows IFN-y/IL-2 cytokine profiles of PPD-reactive T cells in
four patients with successfully treated tuberculosis. The percentages of IFN-y
20 single positive, IFN-y/IL-2 double positive and IL-2 single positive T cells is
quantified in the Figure on the left side. The predominant proportion of the cells

expresses both cytokines.

Figure 5 exemplarily shows IFN-y/IL-2 cytokine profiles of PPD-reactive T cells in
four patients with active tuberculosis. The percentages of IFN-y single positive,
25 IFN-y/IL-2 double positive and IL-2 single positive T cells is quantified in the
Figure on the right-hand side. Patients with active tuberculosis exhibit a shift in
the cytokine profile towards IFN-y single positive cells accompanied by a de-

crease of IFN-y/IL-2 double positive T cells.



Figure 5 exenplarily shows IFN-y/IL-2 cytokine profiles of PPD-reactive T
cells in four patients with active tuberculosis. The percentages of IFNy
si ngl e posot2ome139535 | FN-y/ I L-2 doubl e positive and |L-2csinrgéia/opsitive T
cells is quantified in the Figure on the right-hand side. Patients with
active tuberculosis exhibit a shift in,the cytokine profile towards |IFNy
single positive cells acconpani ed by allecrease of IFN y/ I L-2 doubl e
positive T cells. WO 2011/ 113953PCT/ EP2011/ 054207 - 10 - Figure 6 shows a

sunmari z r ti .t he ' rofiles Jn. nati W LD, ive
Funer cul erEE B B MR Rlabd TS QBB WSS RGeS
?as %edbl \ivna arcmmeet&meh reulbbie (IA-TB)Y anf:lléLFdNeyifUllygreh(ijtebltﬂbpﬁ%jlbﬁiyﬁTTTlﬁ)ale&a

569 el ow whi ch an active tubercu LS can | agnose Lt
Speo 1S4y IRBOMPrESE WS dRaE: P TFY- G 7odeUhRY SoR e Twas e 4BEE) shed
by meansyQbwr RERINVER RPGEAIDRICABSIEAHNEbE Hih§ndSHdithnal JpeicFicityhsr 1ogent i on
is further explained by nmeans of the follow ng Exanpl es. Advant ageously,
t he PNF-3nGhradessithitofoft RBYaniThifenindisewrsi established kietraeanneef receiver

i nt racelé[%l%ﬁbé %ﬁéﬁé&%{‘gﬁiﬁgﬁg’ﬁ)m{’ggng to the invention. Thus, the

stinmul ation igen-specific T cells with the tubercul osis
antigens PPD (purified protein derivative), ESAT-6 (early secreted

ant i genif,d 4y %E?on%@qfu%g‘gje%ﬁqi@%é ?E/gpfe%hé oftfte Pél%vﬁb@l@@w?@%@. shortened to

6 hours 1 n contrast to € previous Igure 2).
Al t hough the determ nation of INF-y expressing PPDreactive T cells already

cctive CuieEaRBoRAVaThe ANELPBESSAn BE SRE R SR re Sein 05 ekl ™
treat ed inttaeebulaolyi 8, tlee giretéssc tcoordired weethet hvenonstTdgss the stimuthtiease

cannat be made for the individuyal patient d to a very .lar rl ange
(Fi gor e Be e grbidinatiechty faratly il e Hehertusiss ediodinerPofPwiicdan.
pat i ent spidayinn@eriadiveNESAL - @i(bariMsetrdrel AHtrREnsc (gAY &n@CFPFPo XQulture

posi ti Vﬁ%’l&_ 20 and patients with a pure BCG vaccination reqigonse (ESAT-6 and

CFP- 10 Ate Rroteip) C§ﬁot9@1)5h°F‘I@\W€€‘etr°, 6thrurgiist At TISrtopEiaenN ¢ dfethhd
| at ent eviths® ! . ed d{lzg?i Esi QRkSrrhMafiBAPL v r(?&’&@ LiRg ppD-
acti vat ioé)rn Vi a %S (Fﬁﬁé@becﬁl celce%'é randably téue Si ﬁu tangolug
det er m n@aictme of delsl-airemty ontws| @uki staRisticalsignicare higdheprfeelguéntynin
fraction_ qgf the PPD-reactive cells express, both 25 | NE- nd IL-2 in
ot ot optsnea duth kR bkl e ceBal e Batieacsyy Rl R roatccess
profile fulyltrebtdd ttisyvauibsid, FNdistshdtre bpbséedn thectld Stagesof ithie disease
tubercul osis (Figure 5r). By means of receiver operating characteristic
(ROC) an@nitsbe tThadeifigr¢thsr Ndexdypl pabienb e tgogi\ﬁrvela%qué@pi @ae
cells PedF‘PdwéhBih EYNTR6! hME tﬁbqro:%@.%l? SR 58 - HrRI Rkt iWetiBnabetween
specificity of 100%is established. In the
patients having had contact with M. tuberculosis (ESAT-6 or CFP-10 positive)
20 and patients with a pure BCG vaccination response (ESAT-6 and CFP-10 nega-
tive, not shown). However, the distinction between active and latent or success-
fully treated tuberculosis is enabled through the activation via CD69 in PPD-
specific T cells and by the simultaneous determination of IFN-y and interleukin-2
(IL-2). While the predominant fraction of the PPD-reactive T cells express both
25 INF-y and IL-2 in latent or successfully treated tuberculosis (Figure 4), the
cytokine profile will shift towards IFN-y single positive cells in active tuberculosis
(Figure 5). By means of receiver operating characteristic (ROC) analysis, the
limit of IFN-y/IL-2 double positive PPD-reactive T cells below which an active
tuberculosis can be diagnosed with a specificity of 100% is established. In the
30 population present here, this limit is 56% of IFN-y/IL-2 double positive T cells,

patients with active tuberculosis (A-TB) can be distinguished thereby from



30popul ati on present here, this limt is 56%of IFN-y/IL-2 double positive
T cells, patients with active tuberculosis (A-TB) can be distingui shed

t her eby fworm1V¥@3$3011/ 113953PCT/ EP2011/ 054207 - ii - paPCcemr30miosd207
successfully treated tuberculosis (T-TB) with a sensitivity of 70% (Fi gure
6). I n another enbodinent, the determ Rﬁlti on of the cytokine profile is

ef fected by neans of flow cytonetry w 1 abel ed anti bodies. Thus, in
addition to the 5 determnation of INF-y, the simnul taneous qguantification

of furt e

(pr ogr ani R Y cctsdril g el SrREEHOR T By i PRt o 7%
(T-cel | (Paareo®).obul in domain and nucin domain 3), or further cytokl nes,
such as interleukin-2, TNF-a (tunor necrosis factor a) or IP-10 (chem)ki ne
(CGX-Cnotif) ligand 10) is al so possible. 10For the analysis of

ant i gen-Bpenother éebbodinceht, shbydareanimarforf bbw]@y:t/wmm yrofigesi éffectéddgy) | s
are excited byogr}oiygen sti mul atjon to a t|v lon and cy tokl productlon

and t he W&RBEr cHtemetey | Withs! C&?e%et H?ednb9 'é’ﬁs tgs the

specisf i cd@RbinRasiRs of FNF- t/h@hée)@ﬁmu'ﬂ%hle@[]s udtFRidiehebf mn&heb%ﬁeﬂ.@ﬁaw
(MTB) specific T cells, the antigens PPD, ESAT-6 and CFP-10 are enpl oyed.

For the relevafits suAece omaecesi vaichr ¢ IPR-dnt(Pseaseaa®rd| (dgath-dat edTLA4

tuber cul @3tSoxd TS mAMd e ERRelgBopaL oned rand e s ebeRALRD of

a lat ent uccess ul osi’s Ion oma previous
vacci natmagin aonesin \Bn)t lor Bobihes aptoh kG2, lﬁ)uahs aeeirftariseklin- E’Bsrl\ﬂieuvelmrasr a

t tr d h ficall
e s aSisdprP e (B R TE SR BiarfE0at 10355 BR0 e as TN r of
The stimulation can be performed directly fromwhole bl ood At flrst t he
whol e bl d with CD28- tibo

o udnt rEth BhE e sts 46 e SRACHG BB W4l PHOTRARSS: oW K By
(PPD: 7. s3p7edn=g.4 m ceny@écekmféd%ﬁant@éﬁtﬁr\ﬁuﬁﬁrdmb Ngdtividtiod, ak@p

Denmark), Stinulations 25 were perforned with Mb-derived peptide pools

coveri ngPTEgATHBn aARdERA0UMBRPA GrisiteEelise s uRseaESn Y slatoaied o mBaRS of
LS S AOREORYS PR B ol hetaas UBRcIELE puTs) o0
specific T cells, the antigens PPD, ESAT-6 and CFP-10 are employed. For the
15  distinction of active from latent/successfully treated tuberculosis, a test with PPD
is performed, and for the differentiation of a latent/successfully treated tubercu-
losis infection from a previous vaccination, a test with ESAT-6 and CFP-10 is
performed. PBS serves as a negative control, by which background signals, such
as non-specifically responding T cells, can be established. SEB serves as a
20  positive control.

The stimulation can be performed directly from whole blood. At first, the whole
blood is mixed with CD28- and CD49d-specific antibodies at a concentration of
1 pg/ml each and admixed with the respective antigens (PPD: 7.32 ug/ml,
tuberculin RT-50; Statens Serum Institute, Copenhagen, Denmark), Stimulations

25  were performed with Mib-derived peptide pools covering ESAT-6 and CFP-10.
CFP-10 and ESAT-6 peptides pools are composed of 15-mers overlapping by 11
aminoe acids, and all peptides were HPLC purified [>80% purity, Hariri et al.
Nature Medicine 2011;17: 372-3761.

30



WO 2011/ 113953PCT/ EP2011/ 054207 - 12 - After 2 hours of incubation time (37
C, 6% CQ2), the exocytosis of the cytokines induced by the stimulation is
st opped byothe/@asditi on of 10 pg/m brefeldin A (BFA) i rcompes1inss207
accunul ate the cytokines intracellularly. This is foll owed by another 4
hours of incubation (37 C, 6% CQ2). STEE stinmulation is interrupted after 6
hours, and the cells are fixed. At first,” 2 nM EDTA is added to each
sanple, followed by mxing for 10 seconds and incubating at room

t enper at 1 . The fi k 0fo, OF AL i I ] ysi s
of The eifnediots ShitiEon e 137G By bk banER e e if s dlifes
sol uti onindatednby ithe tstimwibtivhoisestolpped byrthanadditivhasfi 00 tg/me bifeféldinmAut es

t 10 te t . Aft trif ti d tion of th
Super nat GBItV Iherdsl Fo ackalatst B o RnaadREACHIdATY. disis Exiavettper
(PBS-5 Fifurebt BrsGrOALDRE (37KCS695 B ected by adding the FACS

buffer, followed by centrifuging and suction of the supernatant. Finally,
the fixed cells are taken up in FACS buffer. The cells can now be stai ned

direct | yrid seinfUil@EiohNist iRefrabtéder@los Rburd, GV ehe EisNa@FixedO AYt @i, the
stimulated cells with specific fluorochrome-|abeled antibodies, the cells

are redi 2MMHEPES isoaduets tougrah seaeciallosvad by abeng rsiBoecgndsfanthol e
bl ood ar: | pj 1 t i , . i f FACS
oo PRCUSERSE (b BLAReh Y 8yl okl 3PORL T Lo

buffer/0 nn) 1s er centrifugation
and suctcdedis afd tyises S ebeafyitbrocytds isaeffiectedrwiolh Ot imé ol iBeictodPickingaur bysirgg

effected in.a 20 taot. vol u of 50 each per saml e of. FACS.buffer/0.1%
Sapont n xifn a1 Ehikert R WIGIE] ol lor 7S B Ske i e 10n EOZ RS ot
ML 37 Hlzbona e bt PR6 Aredronthiifgatiorl BAE duteioansf Bedisapedizkant, the cell

light-sensitive, the 30 min incubation is effected in the dark at room
t enper at RR!Eet ahigiseqdueyashed: wWikthce Ml of FACTRE el (RBer BCR 0 oY% BAs Blf Yeer to
renove u n d i i 18YE I I i 5 Yol iy 150
pl of 1W§%§@é?r orﬁgng% %Qﬁ; e Eglét}ﬁ”g% tQ% aﬁldyzf%g’ E@royeidnggo?érﬁh?wlﬂgtéo@etry.
| n succesgttion 9f thestpdrnatbet.ctinaly sthe fixed dablanatet tedtenauprie s buffer.

fracti O”Trg‘{ BIH ic@ﬂ”ﬁ&ﬁﬁf fsi;;gB(_Id @Iéc%ly%P%ﬁ@rféd\?ﬁﬂwé '?H’r@e?g%rl %ﬁ)ﬁ o Bler

specific ation W rpri’sing n an active tuberculosis
exi gts, rhigat.cyd ekdinehpradinlilateBeNd Withsspddifi¢ flwarsthrofid-labeldabatiposict) ve

Tcel | 0. (8 PalRcite GRSRNERErM [hCbribheed EUBENEER S8 Tofcts SO Bb
di stingujyRBRAbIbHAMR YRECHEAEIMINGTRBRORE AYfirst, 2 ml of saponin buffer (FACS
buffer/0.1% saponin) is added per sample for 10 min. After centrifugation and
suction of the SAP buffer, the addition of the antibody mixture is effected in a
20  total volume of 50 pl each per sample of FACS buffer/0.1% saponin (anti-CD4
clone SK3, anti-IFN-y clone 4S.B3, anti-IL-2 clone MQ1-17H12, and anti-CD69
clone L78). Since the antibodies are light-sensitive, the 30 min incubation is
effected in the dark at room temperature. Subsequently, the cells are washed
with 3 ml of FACS buffer to remove unbound antibodies. Finally, the cell pellet is
25  taken up in 150 pyl of 1% paraformaldehyde solution and analyzed by means of

flow cytometry.

In successfully treated tuberculosis, it is found that a predominant fraction of
antigen-specific T cells express both IFN-y and IL-2 upon specific stimulation
with PPD. Surprisingly, when an active tuberculosis exists, the cytokine profile
30  will shift towards IFN-y single positive cells accompanied by a simultaneous
decrease of IFN-y/IL-2 double positive T cells. A latent or successfully treated

tuberculosis infection can be distinguished from a vaccination response by



- 13 - stinmulation wth ESAT-6 and CFP-10. ESAT-6 and CFP-10 all ow

di scrim nating between patients having had contact wth M tubercul osis
(ESAT- 6 amo/2011/1@84330 positive) and patients with a purepBTCErPr@ao542a1 i On
response (ESAT-6 and CFP-10 negative). WD 2011/113953PCT/ EP2011/ 054207 -
14 - CLAIMS: 1. An in-vitro process for _the quick determnation of the
infection status of a Mycobacterium tubdrcul osis infection from whol e bl ood
in ternms of an active or |atent tubercul osis, conprising the steps of:

5sti nul af,i antd - clfl cel | AL | sent _ pl e
ot whol StTEisfion Wh“%%?ﬁsf?@a%dro o i6ussAlah, ol R0 %”‘E"Hgd'%#rré@e”n%e f
anti bodi estwagdi pstiediis2Baviny KAP Boatutt GIMIOAY. tuberpuGHES SEPAT-@ aRB[dOEFP-

antigen-presenting cells. (APC). by incubating for 1.5 h to 2.5 h, especjally
for °h PhPesde ) gt g epRudris ichap 1 5hs: BoksTocCbato R 1Repgnes LROATH ) thop:
then addtpg 18 S&§dtRid)on inhibitor; effecting an intensive m xing, and
anot her incubation for a period of at least 2.5 h at a tenperature of from
35 Cto 39 C, and

5



15determ ning a cytokine profile fromboth the intracellular INFy pro-
duction and the intracellular IL-2 production of the antigen-specific T
cel I; wheweini1/113958he presence of an active tubercul osi ecrErPendiosgbred by a
shift of the cytokine profile towards IFN-y single positive cells
acconpani ed by 20a decrease of IFN—y/I;-Z doubl e positive T cells. 2. The
process according to claim1l, wherein fict her stimul ation with SEB, ESAT-6
and CFP-10 and/or vaccination antigen is effected in addition to said
stimulation with PPD. 3. The procesgs, accpr ing to claiml or 2, wherein a
negative control is 25performed by~addring—a-physi ol ogi cal buffer such as
PBS 0.99MNaCl or 5% WD 2011/ 113953PCT/ EP2011/ 054207 - 15 - G ucose to an

antigen-specific T.cel t.1s. . presept. | 0 eca

sanpl e, \f\lhi ch’I"Jﬂ (an -a('ﬁtiéﬁedr{f)l&%%cirhthgaﬁ@%?idrest r@@%ﬁ% J)ﬁtr%rﬁﬁg%t?oncggaiugcogga? di ng
to at | east ovMecabadctédunstdbdroudsisniméection &roposwholy dleanin aérms of et ecired
by adding SEB.to an antigen-specific T cell that is_5present in the whole
bl ood of a thiY& Ok AHENE CURRICHIPSISs QIMAEHPY ENRistePSaiid first sanple. 5. The
process according to at | east one of the clains 1 to 4 wherein a
vacci_nation control _toFk. | ace by addi nc(?_t he Vf’iCCi nation anti %ep to an

anti gen-speci¥ic TSWBH[atiNgagniantigensehrCTic Tr ¢l GRS I8 BIESERT 81 a1 76
sanpl e ple of whole blood with purified protein derivative (PPD) in the

presence of antibodies against CD28, or CD28 and CD49d;

o processing of PPD by antigen-presenting cells (APC) by incubating

for 1.5 h to 2.5 h, especially for 2 h, at 35 °C to 39 °C, especially at
10 37 °C, optionally with adding CO,;
. then adding a secretion inhibitor;
. effecting an intensive mixing; and

o another incubation for a period of at least 2.5 h at a temperature of

from 35 °C to 39 °C, and

15 o determining a cytokine profile from both the intracellular INF-y pro-
duction and the intracellular IL-2 production of the antigen-specific

T cell; wherein

o the presence of an active tuberculosis is indicated by a shift of the
cytokine profile towards IFN-y single positive cells accompanied by

20 a decrease of IFN-y/IL-2 double positive T cells.

2. The process according to claim 1, wherein another stimulation with SEB,
ESAT-6 and CFP-10 and/or vaccination antigen is effected in addition to

said stimulation with PPD.

3. The process according to claim 1 or 2, wherein a negative control is
25 performed by adding a physiological buffer such as PBS 0.9%NaCl or 5%



10which is authentic with said first sanple. .6.The process according to at
| east one of clainms 1 to 5, wherein a BCG vaccination control is effected
by addi ngveSAii7G3¢searly secreted antigenic target) and E€EPEPO10OM2DLIr €
filtrate protein) to an antigen-specific T cell that is present in the
whol e bl ood of a fourth sanple, which is authentic 15with said first
sanple. 7. The process according to at 1Be’ast one of clains 1 to 6 wherein a
control whether or not a contact with non-tubercul osis mycobacteria took

pl ace in the I d s eff A | . - ly ,secreted
antigenic tar%@%%?g%géwg% éhgg'ﬁFge?‘igIFﬂ?%t'gapgg%% 'E)s{htgo‘ggé%aﬂm& ot

anti gen- specidacondl 2egelel wHiet id suthreesienwith satdfirsttsaineplel ood of a fifth
sanple, which is authentic with said first sanple. 8. The process accordi ng
to at |least one of clains 1 to 7, wherein said secretion inhibitor is

sel ect ed 4f r onThd @rotedspacondingt iongt fasboakedfdilninds 1ImMan8nwherain & ppsiitiike.

WO 2011/ 113953PCT/ EP2011/ 054207 - 16 - 10. The process according to at

| east one of CQMEIOfs!S1PEN Owe&/nté\f éd%“%é%é?ea%la&B'&erSR%'csgnﬁg%h?"s IS

deriwed from fHa3BAS i Eh@MiHBE Dlodd of BhéhiR 98@p%e anARhdisnslithendt wiershigone
of claims 1 to 10 applied for contact tracing wherein whol e bl ood was

obt ai ned fronfigt seryd@ with cl ose con-

5. The process according to at least one of the claims 1 to 4 wherein a
vaccination control took place by adding the vaccination antigen to an an-
tigen-specific T-cell that is present in the whole blood of a fourth sample

10 which is authentic with said first sample.

.6. The process according to at least one of claims 1 to 5, wherein a BCG-
vaccination control is effected by adding ESAT-6 (early secreted antigenic
target) and CFP-10 (culture filtrate protein) to an antigen-specific T cell
that is present in the whole blood of a fourth sample, which is authentic

15 with said first sample.

7. The process according to at least one of claims 1 to 6 wherein a control
whether or not a contact with non-tuberculosis mycobacteria took place in
the whole blood donor is effected by adding ESAT-6 (early secreted anti-
genic target) and CFP-10 (culture filtrate protein) to an antigen-specific T

20 cell that is present in the whole blood of a fifth sample, which is authentic

with said first sample.

8. The process according to at least one of claims 1 to 7, wherein said
secretion inhibitor is selected from the group consisting of brefeldin A,

monensin or the like.

25 9. The process according to at least one of claims 1 to 8, wherein the

determination of the cytokine profile is effected by flow cytometry.



S5tact to a patient with active TB or suspect to have had a close contact to
a patient with active TB. 12The process according to claim 11l wherein a

t reat nentwoeoigigsssi s nade as follows: a. a prophyl axi spcsmpboiassd2iH, or an
active therapy, such as quadruple 10 therapy, is indicated in cases, where
a shift of the cytokine profile tomardi | FN-y single positive cells
acconpani ed by a decrease of IFNy/IL-2 &oubl e positive cells was detected,
bl. if diagnostic investigations revealed a latent infection mﬁth

Mycobact g ummé’?)g%cce% c!rcgr:?}ﬁ IL%Néty(ealhst %ngoéfbélgilnﬁ)%ﬁ' td ¥e il %% er agy i s

I nf or ma- 5ti1on V1'68s %t B aval no acu

necessary andlbbe qmethemrmdﬂas ig derleé@ﬁcﬁd hurbhéms o2 ahimélsweeks, b2. if

di agnostic investigations revealed a |latent infection with Mycobacterium
tubercul osis by IFN-y/I1L-2 double positive cells and if in previous testing
for |atent.i rfﬂee:b'r@maswadaowngltacatelebsmnebﬁrdmm1 &od]imappWaaForZthact
contact with I\/gcobac er| um t bercul osis so far, é ee%oaXI S, uch as | NH

therapy is i ndPeafefherein wheleigpd wasoREgined fr?ﬂ‘l an'fanech?ﬁ Femt

shows, no respRREeo a patient with active TB or suspect to have had a close contact to a

patient with active TB.

12 The process according to claim 11 wherein a treatment decision is made

as follows:

a. a prophylaxis, such as INH, or an active therapy, such as quadruple
10 therapy, is indicated in cases, where a shift of the cytokine profile to-
wards IFN-y single positive cells accompanied by a decrease of IFN-

y/IL-2 double positive cells was detected;

bl. if diagnostic investigations revealed a latent infection with Mycobacte-

rium tuberculosis by IFN-y/IL-2 double positive cells and no informa-

15 tion about previous testing is available, no acute therapy is necessary
and the patient has to retested within 2 to 4 weeks;

b2. if diagnostic investigations revealed a latent infection with Mycobacte-

rium tuberculosis by IFN-y/IL-2 double positive cells and if in previous

testing for latent infection with Mycobacterium tuberculosis did reveal

20 no contact with Mycobacterium tuberculosis so far, a prophylaxis, such

as INH therapy is indicated;
cl. no acute therapy is indicated if the patient shows no response.

c2. in case the patient reveals any clinical symptoms, retesting is indi-

cated.



WO 2011/ 113953PCT/ EP2011/ 054207 - 17 - 13. The process according to claiml
to 10 wherein whol e bl ood was obtained froma person before receiving

i mrunosuppoessli/Me9sdr ugs or in an i Mmune-i nconpet ent st atreT/EPE@ /054207
infection. 14. The process of claim 13 wherein a treatnment decision is nade
as follows: 5a. a prophylaxis, such as_LNH or an active treatnent, such as
quadrupl e therapy, and optionally deIéQiﬁg of i mmunosuppressive therapy, is
indicated in cases, where a shift of the cytokine profile towards |IFNvy

Sostt fve e | e, BE0CeEs EEBMMAY BT A FETRGERFM e Miagd S5 ety &
| at ent i nf ectfirom i pbrddnc bbfurteredeiving t inbrauoobospresbivel BNigd bk-ia dauiph-e

positive cells and no informti og atﬂﬁk’/t' Eere.vi ous testing is avail abl e,
i munosuppr esSHPE INARTRSTENSSIHES Sk FEVAREEIRE- pat i ent has to retested

within 2 to 4 weeks; b2. if diagnostic investigations revealed a |atent

infection wt cobacte- 15 rium tuberculosis AFNy/1L-2 d | e

boet 11 voldel | TheHESRRRS of it 5 dharett priea gie Tt AeRon iy BeAdrs TIaHS:
Mycobact eri um tubercul osis did reveal no contact with Mycobacterium
tubercul osis so far, a gr_oph | axi s uch as | NH t herapy, anﬁl opt i o(ﬂ_al,

del aving of it BERDABYS! FUCh s, LHY OFian PRHYE ATRMERtySHEN 48 GUAAUPIg of
the patient w thhargpy arfd 3BWBRKRy delayinBHNRTHERE QRSP rEEsilEnaRYDY, Ss i
begin if the patient shows no re-sponse;, c2. in case the patient reveals
any clinical syrficafied, inr epges, i whenss aj shiftcaf e cypgkine profile towards IFN-y

2011/113953PCT/ '%Er%&%lﬁgéﬂ%ﬂcells accompanied by a decrease of IFN-y/IL-2 double

positive cells was detected;

10 bl. if diagnostic investigations revealed a latent infection with Mycobacte-
rium tuberculosis by IFN-y/IL-2 double positive cells and no informa-
tion about previous testing is available, immunosuppressive therapy is

possible and the patient has to retested within 2 to 4 weeks;

b2. if diagnostic investigations revealed a latent infection with Mycobacte-
15 rium tuberculosis by IFN-y/IL-2 double positive cells and if in previous
testing for latent infection with Mycobacterium tuberculosis did reveal
no contact with Mycobacterium tuberculosis so far, a prophylaxis, such
as INH therapy, and optionally delaying of immunosuppressive ther-
apy, is indicated as well as retesting of the patient within 2 to 4
20 weeks;

cl. immunosuppressive therapy is to begin if the patient shows no re-

sponse;

c2. in case the patient reveals any clinical symptoms, retesting is indi-

cated.

25 15. The process according to claim 1 to 10, wherein whole blood was obtained

from a person suspected for an active TB infection.



- 18 - 16. The process of claim 15 wherein a treatnent decision is nmade as
follows: a. an active treatnent, such as quadruple therapy is indicated in
cases, wwoeon/abisBt of the cytokine profile towards | FRCYy/EPRmgloss2ppsitive
cell s acconpani ed by a decrease of IFN-y/IL-2 double positive cells was de-
Stected; bl if diagnostic investigati oq; reveal ed an latent infection with
Mycobact eri um tubercul osis by IFN-y/I1L-2 doubl e positive cells and no

i nformati on about previous testing is available, an acute infection is

unl i kel y,, .an LV i 0S| si der.ed,. t i ent has
to re. T0fesi e G OEER S FUARTRIT e b IS SEB s A PECORME
reveal ed a latent infection with M/cobacteriumtuberculosis by IFN-y/IL-2

doubl e positiyve cell if 1 i Qu i tent infect] W th
Weobact or i urf dBLPeayareitnart SYEl A 3uedRipe bRy ) FllcatPlfinates,
t ubercul osi s so wiagre a spifoplfithe)oysokineqrofiasowaddsdFNap siedle psitiveateiknt ,
such as quadruple thera i s indicated and the tient has to he retested
W Ehin 2 o 4 heAIEOMRATTEG bY 2 At g ot N & i de kB PP VRGeS M Ees hows
no response; c2.tecfedcase the patient reveals any clinical synptons,
retesting is indicated. 20
bl. if diagnostic investigations revealed an latent infection with Mycobac-

terium tuberculosis by IFN-y/IL-2 double positive cells and no informa-

tion about previous testing is available, an acute infection is unlikely,

an alternative diagnosis is to be considered, and the patient has to re-

10 tested within 2 to 4 weeks;

b2. If diagnostic investigations revealed a latent infection with Mycobacte-

rium tuberculosis by IFN-y/IL-2 double positive cells and if in previous

testing for latent infection with Mycobacterium tuberculosis did reveal

no contact with Mycobacterium tuberculosis so far, a prophylaxis, such

15 as INH or an active treatment, such as quadruple therapy is indicated
and the patient has to be retested within 2 to 4 weeks;

cl. no acute therapy is indicated if the patient shows no response;

c2. in case the patient reveals any clinical symptoms, retesting is indi-
cated.

20



