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(54) Title: METHOD FOR THE DIRECT DETECTION OF MYCOBACTERIUM TUBERCULOSIS

(57) Abstract: The present invention provides high accuracy intracellular detection of Mycobacterium tuberculosis, an infection 
causing either active or latent disease. The technique involves immunofluoresence in combination with flow cytometry on samples 
from all biological fluids and cell suspensions. A kit, describing implementation of the invention is also described.
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METHOD FOR THE DIRECT DETECTION OF MYCOBACTERIUM TUBERCULO­

SIS

Technical field of the invention
The present invention describes a method for the direct detection of Mycobacterium 

tuberculosis (hereafter, referred to as M.TB.) infection, inside phagocytes collected 

from peripheral blood, sputum, bronchoalveolar lavage, serositis exudates and, in 

general, from every biological fluid or tissue sample accrued from the human body. 

The said detection involves immunofluoresence in combination with flow cytometry.

Prior art

Tuberculosis is a modern plague of humanity. Globally, a total of 13.7 million preva­

lent TB cases were recorded in 2007, with an estimated 1.37 million of incident TB 
cases in 2007 coinfected with HIV. This corresponds to a prevalence of 206 cases 

per 100,000 that resulted in 1.756 million deaths (including 456,000 TB patients coin­

fected with HIV) worldwide. 500,000 cases of multidrug-resistant TB (MDRTB) de­
fined as infection with M. tuberculosis strains resistant to at least two of the most im­

portant first-line drugs, rifampin and isoniazid) occurred in 2007 [1 j.

By the end of 2008, multiple drug-resistant TB (XDR-TB), defined as MDRTB strains 

additionally resistant to a fluoroquinolone and an injectable agent such as kanamy­
cin, amikacin, viomycin, or capreomycin, has been found in 55 countries and territo­

ries of the world.(1,2) While MDR-TB is difficult and expensive to treat, XDR-TB is 
virtually an unbeatable disease in most developing countries.

The World Health Organization (WHO) has estimated that one-third of the total world 
population is latently infected with M. tuberculosis (hereafter, referred as LTB) and 

that 5%-10% of infected individuals will develop active TB disease during their life 
time. However, the risk of developing active disease is 5%-15% every year and life­
time risk is 50% in HIV coinfected individuals. Most of the active disease cases in low 
TB incidence countries arise from this pool of latently infected individuals [1, 2],

The number of LTBI individuals is anticipated to rise, especially in developed coun­
tries, due to the increased number of medically immunocompromised patients, such 

as organ transplant recipients and cancer patients, as well as patients on treatment 

with biological agents (anti-TNF-a agents, etc.). In addition, a large number of refu-
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gees from countries with high inidences of TB, presumably will emigrate due to politi­

cal and economic problems.
Primary infection with M.Tb. results in a disease state in only 10% of infected indi­

viduals. The rest of the infected population develops an induced immunological re­

sponse, thereby averting further spread of M.Tb. which is confined to cellular com­

plexes called tubercles. M.TB. cannot multiply in tubercles and as a result remains 

latent. The host, therefore, remains healthy although the pathogen could potentially 

revert to its virulent state, especially when the host is under reduced immunosur- 

veilance, i.e. in the case of HIV infection.

The currently known tests for diagnosis of LTBI are based exclusively on immu­

nological tests assesing host-specific cellular immunity to MTBC antigens. The in­
tradermal skin test (PPD - in use for over 100 years) and the recently introduced im­

munity-based interferon-gamma (IFN-y) release assays (IGRAs) that detect T cell re­

sponses following stimulation by M. tuberculosis-specific antigens, are the main tests 

for LTBI [3].IGRA assays include QuantiFERON-TB Gold, QuantiFERON-TB Gold In- 
Tube (QFT-G-IT), and T-SPOT.TB In a recent meta-analysis, the pooled sensitivity of 

IGRAs was 70% - 90% and the pooled specificity was 93% - 99%. In blood and 
extrasanguinous fluids, the pooled sensitivity for the diagnosis of active TB was 80% 

and 48%, respectively, for QFT-G-IT. The respective sensitivity for T-SPOT was 81% 

and 88%. In blood and extrasanguinous fluids, the pooled specificity was 79% and 

82% for QFT-G-IT, and 59% and 82% for T-SPOT.TB, respectively [4],

However, there exists the problem that these tests do not distinguish immu­
nologic memory from true infection. Current directions from the scientific community 

suggest that anyone with a risk factor for tuberculosis who tests positive for either the 
PPD or IGRA assay, should take medication. Therefore, a putative population without 
LTB but with acquired specific immunity against M.TB. antigens may be subjected to 

redundant therapy with possibly serious side-effects i.e. hepatitis. For example, the 
risk for HIV patients, who already receive special medication and have a fymatin 
positive test, to develop tuberculosis is 50% over their entire life span, which means 
that half of the individuals of this specific cohort will receive redundant therapy for 

LTB. Moreover, the side-effects of M.TB. therapy in combination with anti-retroviral 

therapy complicate patient status and in some cases, could be life-threatening.

Consequently, more specific tests which discern true M.TB. infection from
I TRI ΑΓΑ hinhlv HAQirahlo and \/on/ uoofiil Ηλλολ
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identification of individuals who will truly benefit from LTBI treatment in contrast to 
those who, having destroyed the bacillus with acquired immunity, retain immunologi­

cal memory against M.TB. antigens.
Since current diagnosis tests (microbiology, Nucleic Acid Amplification Test) 

lack sufficient sensitivity to characterize tuberculosis (either pulmonary or extra pul­

monary) and especially severe versions of TB (such as tuberculous meningitis, multi­

ple organ disease, hematogenous dissemination), new high accuracy and rapid 

methods of M.TB. detection are of high priority and are constantly searched.

Current methods for TB diagnosis lack sensitivity, so they cannot accurately 
rule outTB.

The conventional microbiology test (i.e. direct smear and culture test) also 

lacks sensitivity for the diagnosis of pulmonary TB, with an estimated 30% of active 

pulmonary TB cases appearing as sputum smear and culture negative. In addition, 

culture-restricted results are delayed, emerging after a long time(aprox. after fifteen 
days).

The Nucleic Acid Amplification Test (NAAT) provides a reliable way of increas­
ing the specificity of diagnosis (confirmation of disease) but sensitivity is too low to 

rule out the disease, especially in smear-negative TB, These, tests, therefore, cannot ·»' 

be used reliably for ruling out disease especially in cases where clinical diagnosis is 
questionable or when clinical intervention is of high priority (5).

As a result, due to the disadvantages of the current diagnostics, in clinical 

practice a therapeutic trial for TBC is used as therapeutic diagnostic criterion, espe­
cially in critically ill patients, in spite of the negative diagnostic microbiology and mo­

lecular tests. As a consequence, this leads to an unnecessary treatment with in­
creased cost and many times this is associated with serious side effects of treatment 

and could be life threatening. In addition, the Tb medication lasts for several months, 
usually 6- 9 months.

Description of the method of the present invention

The present invention solves the above described problems and for the first 
time provides a direct, sensitive and specific method for M.TB. detection, not only in 

LTB cases, but also in those cases accompanied by severe forms of tuberculosis.

The primary route of infection from M.TB. involves the lungs. Inhaled droplet 
nuclei avoid bronchal ripfpnsps chip tn thpir small CI7O and nonatrata U-ια farminal al.
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veoli where they are engulfed by phagocytic immune cells (macrophages and den­
dritic cells). M. tuberculosis can also infect nonphagocytic cells in the alveolar space, 

including alveolar endothelial, and type 1 and type 2 epithelial cells (pneumocytes) 

(6). In addition, a large number of microbes is transfered via macrophages to draining 

lymph nodes.
Studies of the M TBC genome have led us to the discovery of a genomic re­

gion, termed region of difference 1 (RD1), that is present in all virulent M. tuberculo­

sis and M. bovis strains but absent in the vaccine strain M. bovis BCG (7-9). The 

virulence of M. tuberculosis stems from RD1 products and especially the ESAT-6 and 

CFP-10 proteins. Region RD1 is an important research field for new vaccines, as it 

offers more effective and promising venues than the BCG vaccine as well as new 

therapies.

Recent studies have established the role of the ESX-1 secretion system and 
ESAT-6 protein of M. tuberculosis in facilitating macrophage infection and subse­

quent bacterial escape to infect other nearby cells. De Jonge et al. [10] have shown 
that the ESAT-6:CFP-10 complex secreted by live M. tuberculosis inside the 

phagosome, splits apart when tubercle bacilli are perturbed following stressful condi­

tions created by the host. ESAT-6 lyses the phagosome creating pores, bacilli enter s 
the cytoplasm lysing the cell membrane and then infect other host cells (6). The pro­
tein inserts itself into the lipid bilayer, causing lysis and escape of M. tuberculosis 

from the phagosome. More recently, it was demonstrated that ESAT-6 causes cy- 
tolysis of type 1 and type 2 pneumocytes and that ESAT-6 induced lysis contributes 
to bacilli dissemination to alveolar wall (6).

The intergrated experience of the inventors and their thorough knowledge of 

tubercle infections, not only in relation to the research field but also to clinical and 

laboratory practices, led to the assessment by the inventors that as the presence of 
ESAT-6 is linked to metabolically active M.TB., its intracellular expression should be 

a usefull biomarker not only for active tuberculosis but also for LTB. Therefore, we 
considered that this intracellular expression of ESAT-6 should have a prognostic 

value as regards either LTB or tuberculosis diagnosis, because it indirectly identifies, 
via ESAT-6, live and virulent bacilli, especially in cases that sensitivity is too low.

Until now, ESAT-6 has not been 'targeted' by anyone as an activity marker of M.TB. 
infection in the manner described below by the inventors. In addition, so far, no one
has thminht nf imnlomontinn cuoh o ----------- i i_x:i-------- ±i—
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use of ESAT-6 is limited to studies either relating to the pathophysiology context of

M.TB. infection or as a specific index of immunological memory in IGRA studies. 

Those approaches are in a completely different direction than that proposed by the 

inventors.

SUMMARY OF THE INVENTION

The inventors consider vital the search for the presence of ESAT-6 in the inte­
rior of cells targeted by M.TB. bacilli, such as leukocytes, bronchoalveolar lavage 

macrophages, cells from cerebrospinal fluid, pleural effusions, pericardial effusions, 

synovial fluids, sperm, induced sputum, vaginal secretions and in general every bio­

logical fluid sample collected from the human body and cell suspensions from serositis 

effusions, mucosal eluants or solid tissues.

The present invention describes a method of indirect detection of activeM.TB. 
inside cells via the cytoplasmic detection of ESAT-6, using either indirect or direct 

immunofluorescence techniques, followed by visualization and evaluation of the resut by 
flow cytometry

In particular, the current invention describes a method for intracellular detection 
using specific antibodies against RD1-M.TB. genome products in human cells removed ■ ·«·· 
from the human organism.

Preferably, the intracellular detection method set forth in this invention 
combines the immunofluorescence technique with flow cytometry.

It is particularly advantageous that specific antibodies are conjugated directly 
or indirectly with a fluorochrome and, in addition, the result is evaluated by flow cy­

tometry, wherein any fluorochrome can be used for fluorescence.

The said fluorochromes can be selected from the following: Fluorecein-
5- isothiocyanate (FITC), aminomethylcoumarin Acetate (AMCA 350), 6,8-difluoro-7- 

hydroxycoumarin derivative (Marina Blue), Cascade Blue, Alexa fluor 405, 6,8- 
difluoro-7-hydroxycoumarin derivative (Pacific Blue), Alexa Fluor 430, Cascade Yel­
low, Alexa Fluor 488, phycoerythrin (PE), phycoerythrin Texas Red (PE-Texas Red), 

phycoerythrin-cyanin 5 (PE-Cy5), peridinin chlorophyll protein (PerCP), peridinin 
chlorophyll protein -cyanin 5.5 (PerCP-Cy5.5), phycoerythrin-cyanin 7( PE-Cy7), 

Rhodamine TR, allophycocyanin (APC), ALexa Fluor 647, allophycocyanin cyanin 7 
(APC-Cy7), BD APC-H7, Alexa Fluor 700.
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Preferably, cells to be assayed as in the current invention should preferably 

come from isolated pleural effusions, pericardial effusions, synovial fluids, sperm, in­

duced sputum, vaginal secretions, in general every biological fluid sample collected 

from the human body and cell suspensions from serositis effusions, mucosal eluants or 

solid tissues, which previously had been removed from the human organism.

It is advantageous that the antibody used in the method of the present inven­

tion is a specific type of anti-ESAT-6.

It would also be advantageous to use a mixture of antibodies (including ESAT- 

6) recognizing more than one product of the RD1 region.

Moreover, an additional stage of fluorophore-conjugated antibodies that rec­

ognize human antigen epitopes for infected cell determination can also be integrated 
into the whole procedure.

The present invention also describes a kit for its implementation. The said kit 

includes either an anti-ESAT-6 antibody or another antibody against other RD1 prod­

ucts of the M.TB. genome, together with additional reagents for the intracellular de­
tection of the M.TB. bacillus in human cells that have already been removed from 

human organisms.lt is advantageous that the above described kit comprises a com­
bination of fluorophore-conjugated antibodies against human antigen epitopes.

In addition, the present invention discloses an automated flow cytometer, in 
which the whole procedure is performed automatically (smart flow cytometry). The 

said automated flow cytometer incorporates the kit for the direct detection of RD1 
products in parallel with the evaluation of any other phenotypical parameter (sub­
populations of CD4, CD8 cells), and in combination with the detection 
and characrerization of viruses.

Preferably, the apparatus described by the present invention designates RD1 
products such as ESAT-6, CFP-10, TB7.7, Ag85 etc, in cells collected from all bio­
logical fluids that have already been removed from the human organism.

Moreover, it is advantageous that along with the detection of one or more 
RD1 products, the apparatus described in the present invention can perform leuko­

cyte functional assays and phenotypical analysis, i.e. it can assess the CD4/CD8 in­
dex in HIV patients from cells that have already been removed from the human or­
ganism.

organisms.lt
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The method of the present invention comprises the following stages: cell fixa­

tion, direct or indirect intracellular immunofluorescence, visualization and evaluation of 

the result with flow cytometry.
The method of the present invention detects active tuberculosis with the 

5 identification of a sequence of the ESAT-6 protein. It is also feasible to target other

RD1 products with a view to obtaining the same result

The method of the present invention for immufluorescence, employs any anti­

antibody conjugated with suitable fluorescence and can use any fluorophore, com­

prising any of the following currently known: Fluorecein-5- isothiocyanate (FITC),
10 aminomethylcoumarin Acetate (AMCA 350), 6,8-difluoro-7-hydroxycoumarin deriva­

tive (Marina Blue), Cascade Blue, Alexa fluor 405, 6,8-difluoro-7-hydroxycoumarin 
derivative (Pacific Blue), Alexa Fluor 430, Cascade Yellow, Alexa Fluor 488, phyco- 

erythrin (PE), phycoerythrin Texas Red (PE-Texas Red), phycoerythrin-cyanin 5 
(PE-Cy5) , peridinin chlorophyll protein (PerCP), peridinin chlorophyll protein-cyanin

15 5.5 (PerCP-Cy5.5), phycoerythrin-cyanin 7( PE-Cy7), Rhodamine TR, allophycocya­
nin (APC), ALexa Fluor 647, allophycocyanin cyanin 7 (APC-Cy7), BD APC-H7, Al­
exa Fluor 700.

„ , The method of the present invention can additionally include an extracellular im-·

munofluorescence procedure so that the cell's phenotype containing the bacilli can be
20 identified.

The invention also describes the development and use of a kit (i.e. a product in 
a special package that includes reagents and necessary instructions for the assay pro­

cedure). In addition, the above kit comprises one or more antibodies against the 
ESAT-6 protein since it is our intention to detect it. If these antibodies are conjugated,

25 the anti-antibody is not necessary: in case the antibodies are not conjugated, the kit 

will further comprise a second antibody (anti-antibody) conjugated to a fluorophore or 
biotin.

Example

30 An example of the implementation ofthe current invention is the following: we choose 

to look for the presence of ESAT-6 in the peripheral blood of a patient with active 

disease. In addition, a normal donor who is negative for any manifestation of disease 
in all clinical assays that assess tuberculosis is used as a negative control.
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1 Fixation of blood cells
Approximately 200 ul of peripheral blood are spun down and fixed with 4% Para­

formaldehyde (PFA) at 4°C for 30 min. PFA preserves the physical characteristics 

of cells during analysis with flow cytometry. Moreover, PFA allows the operator to 

perform future staining procedures of either an extracellular or intracellular nature 

and to dispatch fixed cells to laboratories that have suitable apparatus.

2 INTRACELLULAR IMMUNOFLUORESCENCE STAINING (INDIRECT)

In this example, indirect immnofluorescence is used, because it is is less costly than 
having all the antibodies directly conjugated.

A. A fraction of the cells is spun down, resuspended, and incubated for 30 min in 100 

pi Phosphate Buffered Saline (PBS)-0.1% saponin (medium A). Saponin creates 
pores at the cellular membrane making intracellular access feasible. Therefore, an 

antibody namely,one intracellulary targeting the ESAT-6 antigen epitope (11G4) can 
be linked to its target epitope.The cells are spun down again, the supernatant is dis­

carded, the pellet resuspended in 50 μΙ of medium A and incubated with titered 
amounts ..otthe antibody against the ESAT-6 epitope, such as for example, 11G4 

which targets the EQQWNFAGIEAAA epitope. The cells are incubated for 30 min at 4 
°C.

The cells are then washed with 2ml PBS containing 0.1% saponin and 2% Fetal Calf 
Serum (FCS) (wash buffer-WB) and the supernatant is discarded.

B. The cell pellet is resuspended and a new incubation with a tittered amount of a 

polyclonal fluorophore-conjugated antibody against immunoglobulins from the animal 

from which the first antibody (fluorophore conjugated anti-antibody) was developed, 
follows.

Any fluorophore can be used. The following are the most commonly known 
fluorophores; they are listed here indicatively and are not limited to: Fluorecein-5- 
isothiocyanate (FITC), aminomethylcoumarin Acetate (AMCA 350), 6,8-difluoro-7- 

hydroxycoumarin derivative (Marina Blue), Cascade Blue, Alexa fluor 405, 6,8- 

difluoro-7-hydroxycoumarin derivative (Pacific Blue), Alexa Fluor 430, Cascade 
Yellow, Alexa Fluor 488, phycoerythrin (PE), phycoerythrin Texas Red (PE-Texas 
Red), nhvnnprvthrin-r.vanin F /PP-P.vRl rioririinin r*h lnrr\r\h\/ll /DzsrfOX
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peridinin chlorophyll protein -cyanin 5.5 (PerCP-Cy5.5), phycoerythrin-cyanin 7( PE- 

Cy7), Rhodamine TR, allophycocyanin (APC), ALexa Fluor 647, allophycocyanin 

cyanin 7 (APC-Cy7), BDAPC-H7, Alexa Fluor 700.

Following a 30 min incubation at 4 °C, the cells are washed with 2 ml WB. The su­

pernatant is discarded and the cell pellet is resuspended in 50 pi of PBS. If it is 

necessary to perform a leukocyte study to determine presence of ESAT-6, the 

procedure goes on to next step. Alternatively, the procedure proceeds to the step 

where the cells are harvested.

Optional step of leukocyte staining

If we wish to determine the phenotype of the cell that contains the ESAT-6 protein, 

a classic immunofluorescence assay can be performed and the cells incubated 

with an antibody i.e. against granulocytes (anti CD13) which is directly conjugated 

with a different fluorochrome than that used for ESAT-6 assession. Following a 30 
min incubation at 4°C, the samples are washed with 2ml PBS containing 2% FCS. 

The supernatant is discarded, the cells are resuspended in PBS and are ready for 
acquisition in a Flow Cytometer.

3. ACQUISITION AND EVALUATION OF THE RESULTS . ....

The samples are acquired in a flow cytometry apparatus. The data analysis is per­

formed using suitable software where we use region combinations based on scatter 
standards (size, complexity) and/or expression of leukocyte antigens. The analysis 
focuses on detection of the intracellular presence of the EQQWNFAGIEAAA se­

quence of ESAT-6, identified from the 11G4 clone, in certain cell populations (as de­

picted in figure 1D). In this particular example, the presence of the antigenic epitope 
has been analyzed in the interior of granulocytes based on their scatter characteris­
tics.

DESCRIPTION OF FIGURES

The invention is presented with the following figures:

Figures 1A, 1B, 1C show the intracellular detection of epitope EQQWNFA­
GIEAAA belonging to the ESAT-6 protein, in the granulocytes of an active tuberculo­

sis patient with flow cytometry. The antibody is: anti-Mycobacterium tuberculosis, 

ESAT-6 Monoclonal Antibody, clone 11G4 (Thermo SCIENTIFIC). This antibody is
rpr.nmmpnHpri h\/ maniifarTiiroi-e onrl the litcroti im I,, ί,-.- ci ιολ ui—*
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(WB) use and NOT for immunofluorescence assays (Product Data Sheet). In contrast 

to current practice, the inventors chose to use this antibody since their laboratory re­

search experience and clinical knowledge, have led them to consider it appropriate to 

detect latent or active tuberculosis.
5 We can analyze different regions, so that we can focus on any particular cell popula­

tion.
In figure 1A, a region has been drawn, which according to scatter 

characteristics corresponds to granulocytes and so we focus our analysis on this 

region.

10 In figure 1B, non-specific staining of cells using only the second antibody,

without presence of the first one, 11G4, is shown.

In figure 1C, cells have been incubated with an antibody that detects the 
presence of keratin, a molecule not expressed in blood leukocytes. It is considered a 
negative control. From this figure, we can infer the correctness of the described

15 technique, since this non-specific antibody which detects keratin, a protein not 

expressed in leukocytes, cannot stain leukocytes. In particular, the absence of dots in 
the upper left quadrant of figure 1C, shows that there is no cell positive for keratin. 

Consequently, the described technique has reliability safeguards as regards 
extraction of false positive results.

20 Figure 1D, shows cells in which the 11G4 target sequence is detected. Spe­

cifically, as resulted from the analysis of the cytometer (FACScan, Becton Dickinson) 
data using the CellQuest analysis program, 0.13% of gated granulocytes express the 

ESAT-6 protein. In the upper left quadrant of figure 1D, dots, assessing ESAT-6 posi­
tive granulocytes, are shown. We therefore, conclude the specificity of 11G4 detec-

25 tion.

Figures 2A, 2B, 2C and 2D depict the same parameters, but the cells are from 
a healthy donor, free of tuberculosis.

Figure 2A depicts a region including granulocytes, while figure 2B shows non 
specific staining with the sole presence of a second antibody.

30 In figure 2C, the absence of keratin positive cells is shown - i.e. the extraction
of false positive results is successful.

In figure 2D, absence of the ESAT-6 antigen detection in the granulocytes of a 
healthy donor is shown.
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Advantages of the method described in the current invention
An immunophenotypic method of intracellular detection of M.TB. is dercibed. 

The main goal is the direct detection of M.TB. which causes either infection or latent 

infection. In the present invention, the presence of M.TB. infection is detected using

5 an antibody against the intracellular presence of whatever product of the RD1 region, 

which substantiates the presence of metabolically active bacilli.

As reported above, application of current diagnostic methods results in that at 

least 30% of cases escape diagnosis. According, to our current data the sensitivity 

of the novel method of the present invention is greater than that yielded by method-

10 ologies applied so far. This greater sensitivity, as well as the fact that RD1 products 

are an index of active infection, strengthen the clinical value of the present invention, 

substantially contributing to the identification and selection of infected individuals who 

should undergo therapy.
In contrast to microbiological and molecular tests whichrequire the presence of

15 5000-10000 bacilli per ml of a sputum sample, the described method allows for
ESAT-6 expression assessment in each and every cell, which results in higher accu­

racy. In addition, we note that 30% of sputum smears are found to be negative for 
active and contagious tuberculosis, vyhen any of the currently known diagnostic 
methods is applied.

20 Furthermore, with the present inventionwe can measure a large number of
cells (even a million), in order to indirectly assess and detect M.TB.

As reported above, the current literature shows that there is no reliable 
method of distinghuishing between infection detection and immunological memory,
i.e. discriminating immunological memory without the existence of bacilli from infec-

25 tion in the presence of bacilli.

The immunophenotypic method of RD1 product intracellular detection is very 
accurate since the antibody used is monoclonal, which means that itr ecognizes only 

one epitope. In addition, a negative control is included, which substantiates the speci­
ficity. Furthermore, itdoes not cross-react with either humoral infectious intermediates

30 or activation agents arising from previous stages of infection (memory). The retro­
spective analysis of results is also feasible, on demand.

In addition to reliably characterizing negative controls and positive samples,
our method facilitates quantitative assessment of infectious burden since the per-
centaae of infected cells fusuallv nraniilncvtAR and mnnnrvtoci io moooiirorl oo o
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fraction of the total cells. The percentage of granulocytes that stained positive for

RD1 protein products, such as ESAT-6, represents the activity of infection.

From a technical point of view, the method of intracellular detection of antigen,

is simple, fast, reproducible and has low cost. The result is delivered after 90 min­

5 utes, following either blood draw or other material collection.

Remote sample transport is safe, without special precautions, as is usualy the

case with infectious material transportation, since sample virulence is neutralized 

with fixation, while the possibility of detecting already inactivated, via fixation, viruses 

such as HIV, andhepatitis also remains.
10 The only necessary equipment for implementating the proposed method is a

flow cytometry apparatus in combination with basic laboratory equipment (centrifuge, 

etc).

The protocol does not demand specialized personel for its implementation 
since it is simple in its use.
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CLAIMS

1. Method for intracellular detection of Mycobacterium tuberculosis with the use of 

specific antibodies against RD1 products of the Mycobacterium tuberculosis ge­

nome, in human cells which had been removed from human organisms.

2. Method according to claim 1 where immunofluorescence is used in combination 

with flow cytometry.

3. Method according to claim 2 where specific antibodies are either directly or indi­
rectly conjugated with a fluorophore molecule, the result is evaluated with flow cy­

tometry and any fluorochrome can be used for fluororescence.

4. Method according to claim 3 where fluorochromes can be any of the following: 
Fluorecein-5- isothiocyanate (FITC), aminomethylcoumarin Acetate (AMCA 350),

6,8-difluoro-7-hydroxycoumarin derivative (Marina Blue), Cascade Blue, Alexa 

fluor 405, 6,8-difluoro-7-hydroxycoumarin derivative (Pacific Blue), Alexa Fluor 

430j Cascade Yellow, Alexa Fluor 488, phycoerythrin (PE), phycoerythrin Texas 
Red (PE-Texas Red), phycoerythrin-cyanin 5 (PE-Cy5), peridinin chlorophyll pro­

tein (PerCP), peridinin chlorophyll protein -cyanin 5.5 (PerCP-Cy5.5), phyco­
erythrin-cyanin 7( PE-Cy7), Rhodamine TR, allophycocyanin (APC), ALexa Fluor 

647, allophycocyanin cyanin 7 (APC-Cy7), BD APC-H7, Alexa Fluor 700.

5. Method according to any one of claims 1 to 4, wherein cells are collected from 
any of the following: peripheral blood, cerebrospinal fluid, pleural effusions, peri- 
cardic effusions, ascitic fluids, synovial fluid, sperm, sputum, vaginal secretions, 
and, in general from every biological fluid sample collected from the human body 
as well as from cell suspensions containing ceils from serositis effusions, any mu­
cosal eluant or solid tissues which previously had been removed from the human 
organism.

6. Method according to any one of claims 1 to 6, wherein the antibody is specific for 
the ESAT-6 molecule (anti-ESAT-6).
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7. Method according to any one of claims 1 to 6 where a mixture of antibodies is 

used for more than one RD1 region products, including ESAT-6.

8. Method according to any one of claims 1 to 7 with an extra stage of using fluo­

rescent antibodies recognizing human epitopes for the phenotypic identification of 

infected cells.

9. Kit comprising an anti-ESAT-6 antibody or antibodies against other RD1 prod­

ucts of the M.TB. genome, together with additional reagents for the intracellular 

detection of the M.TB. bacillus in human cells that have already been removed 

from human organisms.

10. Kit, according to claim 9 which also comprises a combination of other fluorescent 
antibodies specific for human molecules.

11. Automated flow cytometer, which automatically performs the whole procedure 

(smart flow cytometry) and integrates the kit of claims 9 and 10 for the direct de­
tection of RD1 products, in parallel with evaluation of any other phenotypical pa­

rameter of the cells (subpopulations of CD4, CD8) that have already been re­
moved from the human organism, and in combination with any other parameter 

that can be evaluated and also in parallel it performs detection and characreriza- 
tion of viruses.

12. Apparatus according to any one of claims 9 to 11 with RD1 products such as 
ESAT-6, CFD-10, TB 7.7, AG85, etc. collected from biological fluids that have al­
ready been removed from the human organism.

13. Apparatus according to any one of claims 9 to 12 , wherein together with the de­
tection of one or more RD1 products, it performs leukocyte functional assays and 
phenotypical analysis, as for example it can assess the CD4/CD8 index in HIV 

patients from cells that have already been removed from the human organism.
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