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FIELD OF INVENTION

This invention relates
agglutination (TH /M Card) test

with Meningial, Pulmoenary an

BACKGROUND OF INVENTIOMN

Tuberculosis is the semr

cause of death in the Wor
Organization, the Mycabacteriy
year with an annual martalily
known as the king of discasge

marked abilily to develop resis

the use of Appropriate antibiot
the late diagnosis of the discase

cosl effective diagnostic test. T

infected  with M

Mtberculosis sre two effective o

comb

strategies 1o effeclively rackle ¢

chemolherapy thercafierin

Tuberculosis has Deen

(0 A diagnostic kit bhase

% having long survival in dorma

tuberculosis

at the luberculosis cpidery

d on rapid lipnzomal

for detection of glycalipid anligens in patients

d other cxtra-pulmonary tuberculosis,

d most infectious disease and is the leading

d. As per the estimates of World Health

m tuberculosis infects 1.7 billion people cvery
ate ol approximately 3 million. In India TH is
it state and
tance. Although TB is a curable diseasc with
¢5, the major hurdle in the frecalment lies in
due to unavailability of sensitive, simple and
mely and accurate identification of persons
and  rapid  laboratory conlirmation  of
Ablic health measures that can be taken to
i, Thus there is an ureent need to develop

e problems associated with diggnosis and

Heclared & plobal emergency, The main

fequirement for its control js the
individuals, However, the diagnos
problems, mainly because of dil
aclive  tuberculosis

wilh are

miycobaclerium bors BOeG (Bacill
anel vnvaeeing o Manloux poss

et hods sueh s Aichl-Moeclsen [

1eLlties

rapid and accurate identilication of infected

1= of luberculosis can Lnues o pose serious

i dillerentiating betweer paticnis

those  with healed lesions, normal

15 Calmet e Guering vaccina ted individuals,
ves, Physicians still rely on conventional

M1 stnining, fuorocheome slaning,

st

“ge 2 ol 42




cuiture, gastric lavage, and dther non:traditional mechods 8, Although the

tuberculin test has aided in the diagnosis of tubcrculosis for more than 85

years, s interpretation |is  difficult  because senaitization  with

nontuberculous mycobacteria

leads to false-positive tests. A number of

proeinaceous  and nonprot¢in antigens  [such  as acyltrehaloses and

phenolglycolipids) have been dxplored from time to time for the development

af such assays but they have|n
difficult to develop an ELISA

fubevenlosis shares a large | o

ot proved Lo be clinically useful, It has boen
utilizing a suitable antigen because M

wmber of antigenic proteins with other

microorganisms that may or {may not be pathopenic. With the advenl of

molecular biology  techniques

x

nucleie acid-based amplificat|o

there have been significant adwances in

n, The detection of mycobacterial DMNA in

clinical samples by polymerasq chain reaction (FCE} 15 a promising approach

for the rapid diagnosis of tutkrculous infection. However, the PCR rosults

must be correcied [or the presence ol mhibitors as well as for DNA

GO ESLLTIICIE Fo.

Detection of mycobacterial antigens in CSF, serum, and sputum have

becn Investigated with sensilivity hetween 45-88% and specificity 91-100%.

Previously, an antibody baser

cnzyme immunoassay lor serodingnosis of

tuberculosis was devised by uging shotgun immuno-cxpression libeary in

the Agtll vector. The system |offered a sound demarcation between BCG-

vaccinated healthy subjects fr

seemed an effective marker in

om patients with active tuberculosis and

detecting pulmonary and extra-pulmonary

tuberculosis with 84.33% sensitivity and 93 62% speciiicily. An attempt has

been made o develon “TB |Screen test”, which detects  antislveolipid

antibodies present in the serun samples with 94.0%, sensibivity and 98.3%

spectlicity.  However,  both telsts  were  found madeqguate  in detecting

andthodbios iy CSF o Lissie bib

pray sacrples.

Pape 3 of 42



To overcome these prob

simple, rapid, cost-effective,

ens, an cffort has been undertaken to devise a

sensitive, and specifie liposomal aggludination

card test for detection of miycobacterium glycolipid antigens in various

biological specimens during
antigens have been found as
metabolites prta-uﬁt in the
Moreover, surface glycolipid
reacted with TB/M card test
clearly dillerentiated between
previous vaccination (BCG), a

96.6% specilicity.

A rapid liposomal agglug

mycobacterial - glyeolipid  an
memngitis, pulmonary and
developed. Clycolipids of M
employed in antibody based T

[ndian Patent, US Patent, Wor

TEE11S

aotive tuberculosis infection. These glycolipid
ompaonenls of the mycobacterial cell or as their
perum, C3SF, and/or tissue biopsy samples.

antigens af M. fuberculosis in Lhe samples

reagent, agglutinated within 4 minutes, and

patients with active tuberculosis, those with

1l healthy subjects with 97.3% sensitivity and

ination test (TB/M Card test) for the detection of

it paticnts with  active  tuberculous

pther extra-pulmonary  tuberculosis has been
cobacterium  tuberculosis H37Rv which were
fi Sereen test developed carlier by our group |

d Patent and European Patent)1- 4 wers nsed to

raise polyclonal antibodies in Babhbit. servrm was obtained from the rabbit and

anti-plyvcolipid  antibodies
chromatography. The purified

particles [size 0.2 O.4um} in

thyl-3-{3-dimethylaminoprop,
fydroxysuccinamide (Fig.2) an

antigens of M. tuberculosis in

biological  [Muids from

pa

1lgG)  were by column

antibodies were coupled to activated liposame

purificd affinity
nescice ol phosphatidyl ethanolamine (PE), 1-
y M-
d used as working reagent to detect plyoolipid

carbodiimide  hydrochloride and

erum / plasma ftissue biopsy extract and other

ficnts  with pulmonary  or  extra-pulmonary

Luberculosis. Liposome conjugated antigivoolipid antibodies, when incubated

v plastic slide/ card with the
sulfering frim meningial, pulm

clarks Bilue spgglutination {chumgp

mnacles (i ).

serim or plusma or biological Miid of subjects
nuru angd extre-pulmonary tuberculosis cxhibit

ing] which is visilde 1o the naloed cye within 4

The test acilfales carly deopnosis of pulmonary as well as

Page § of 42




sxira-pulmonary tuberculosid. The test had been validated at laboratary level
for sensitivity as well as spegificity. The Lest was proved Lo be highly sensitive
{97.4%) and specific (96.9%] fbr carly diagnosis of tuberculosis. The test clearty
differentiates between patients with active tuberculosis, those with previous
vaccination (BCG), and healthy subjects. The analytical sensitivity of the TB/M
curd test was found to be 1nz/ml and no cross reactivity was reported when
tested with culture filtrates of sonicaled nen-mycobacterial and mycobacterial
strains 3. The test is an effective and rapid tool not only for diagnosis but also
for monitoring the efficacy of gnti-tuberculous chematherapy. The test is found
highly cost effective and doed not require ice-cold tomperanire cither during
transit or during storage, No ¢ ingnostic technology with such a combination of
unigue  features .{]'ﬂ]J[ditj.-' agsaciated with desired sensitivity, specilicity,
simplicity, cost effective ness dnd stability of reagents (al ambieni temperature)
15 availuble in the world  for diagnosis of pulmonary and extra pulmonary

luberculosis,

[n arder w differentiate Between the present invention from currently
available diagnostic methods, |il is necessary to understand the merits and
demerits of laboratory dizgnosiic and immuncdiagnostic methods which are

summarized as follows:

(A Laboratory Diagnostic Methods:

The currently used methods® |[or [aboratory diagnosis of niberculosis are

authmed belowse

L Zwehl-Newzlsen [(BM) test: This stnest rapid disgnostic method is the

detection of acid fast bacilli by microscopy. Noo specialized skills are

needed for rmieroscopy.

Page 5 of 42
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G.

- Eulture method: Examindtion of sputam  culture is the mosc reliable

method for detecting Puimonary tuberculosis in a clinical sething, The
current methods used in glinical laboratories are growth-dependent and
may take 2-4 weeks to obtdin the resulr

. Mantoux test: The mast commaonly used methed in the history of

Luberculosis diagnosis is tHe Mantous 1est. However, this lest can not be

used for definitive diagnodis as it fails to differentiate BCG vaccinated
healthy individuals and TR Datients at times.

Radismetric culture: The BRCTEC 480 radiometric system (Becton Dick-

inson Instrument Syslems| Sparks, MD) iz an auto-mated method for
detecting  14C02  liberatdd by bacteria during metsholism  and
decarboxylation of 14C-Tabefed sulstrates. For detection of tycobacteria,

the systerm uses 140-lnbeldd palmitic acid as the substrate in rnodified
Middlebrook 7H12 broth.

HPLC:High-performance lighid chromatography (HFLCY) is a rapid and
highly specilic method for detecting the unigue pattern of myeolic acids
lor  identifying  mycobactefial specics. The  Sherlock  mycobacteria
wentilication  system (BMIS) uses computer software to identify

mycobacterial species on the basis of mycolic acid pattern generated by
HPLC.

Tuberculostearic deld detectipn: One casily deteciable merker/component
of M. tuberculosis is tuberdulosteanic actd, which can be detected 1n
lemiomaol: guanlities by pasliquid eh romatagraphy, The presence of
tulrerewlostiearic acid in core wospinal Huid is thought to be diagnostic
marker lor tuberculouas treenealis and bas been suggesied to be useful in

elsmnosing Pulmomary tubere losis o well,

Page 6 of 42




7. Mycobecteriophase-based

methods: A reporter mycobacteriophage that

can infect only M, tubercifilosis specifically has been designed to detcot

viable/living mycobacteris

In a4 patient specimen. The phage-amplified

biological (Pha B) assay uges mycobacteriophage D29 to detect vinhle M.

tuberewlosis, The Phage Tk

MB assay (Organon Teknika, Durham, NC,

USA) is an inexpensive, phenotypic bacteriophage- based assay that (within

24 hrsl)

detects viahle

decontaminated sputam samples with a sensitivity of 31.19%

specilicity of 86.1%. Its iow

abercu|osis.

M.  tuberculosis  complex OTEANISmMSs i

and

sensitivity makes it 4 poor SCreening test for

A penctically engineered mycobacteriophage carrying the genc

for luciferase has been used
clinical specimens. Lucifera
adenosine triphosphate (AT
that arc infected with this

when lucilerin (substrate for

measured by o luminometer,

provides results within 48 hy
and the dead mycobacteria,
tubercular drugs, The FAST

Uses mycobacteriophage for

for detecting viable M. tuberculosis directly in

& enzyme oxidizes huciferin in the presence of

)1 and generates light. Viable myecobacteria

reporter mycobacteriophage emit visible light

luciferase) is added. The emitled light may be

This lest is commercially available and

5. oinoe Lhe test can differentiate between live

It can be used for Sensitivily testing of anti-

Plaque TE assay is a rapid manual tegt that

Hirectly detecting M. luberculosis in spulum,

Samples containing 500- S

000 mycobacteria generate a clear Dositive

signal with 70,3-75.2%, sensifivity and 98.7-099 0% specificity.

E: Imunodiagnostic Methocs

Varicus immunodiagnostic M

Eres Lo

cthods which are being used are deseribed

Fage 7 of £2
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-Anubody detection tests: Bome of the commercially available antibody
detection tests arc listed {n Table 1. In a Comparative study on scven
scrodiagnostic tests, a cambination of two tests HCT and Pathozyme-Myco)

yielded the best results, with a sensitivity of 66% and specilicity of 86%

Table 1: Some antibody detectfion test 12

Test Antigen used
Myco Dot (Dot blot assay) Lipoarabinomannan (LAM)
Detect TE (ELISA) Recombinant peptide
Pathozyine Myco (ELISA) 38kDA [recombinant) and LAM
Palhozyme -TB (ELISA) JEKDA (recombinamnt)
Antigen A-50 (ELISA) Antigen &0
ICT diagnostics 38 kDA (recombinant)

[membrane based)

2. ASSURE TB rapid test (Gen}: labs Dingnostics Pte Lid., Singapore): It is an

nclirect solid-phase  immjune- chromatographic  assay  [for tetecting
antibodies in clinical samples (plasma, serum, or whole blood), The test
SInploys an antibody-bindige protein conjugated to eolloidal gold particlo
and a “cocktail” of novel anfigens—nMib 11 (CF10}, Mth 8, Mib 48, Mth 81

and 38 kDa protein—imudobilized on the membrane, in lateral fAow

devices,

In the reeently pdienced TB screen test (Madhav Institute af
Technology and Science, Gwalior & National Research Development
Corporation, Government of [ndia), a “cocktail” of purified cell wall-
associated antipens of M. tiiberculosis (H37VEREv] were incorporated an to
the surface of liposome parficles, This “cocktail” of antizens reacts wilh
specific antibodies  preseny in clinical samples Lo produce a bluc
Apelutinalion. The test differdn tates nealthy controls and BOG-vaecinated
individuels from those with hetive lubereulosis. The T screen test Bas
the: patential for gse on (fogr minutes), hagkh sensilivity (94%) and high

Rpccilieiy (Y8039,

Fape 8 of 42




3

Antigen detection tests: Fpee mycobacterial andgens may be derected in

the various types of body
mg/ml. The most
sulpholipids, lipopolysach
kDa

antigen, antigen

Auids at & minimum cancentration of 3-20

commonly uscd antigens are FPD), glycolipids,
larides, anligen (38 kDa), antigen AGD, 45/47

KP30, 30 LkDa antigen, P32 antigen,

lipoarabinomannan (LAM), cord faclor (trehalose-6, &0dimycolare), and

rhenolglyeolipid-li pid anlkig

e

late

The antipen
ELISA,

hacmagglutination tests. |

Inhibition

en (PLG Tb 1).

lection methods mchude—sandwich ELISA,

©  agglutination,  and  reverse  passive

nzyme-inked immunosorhent assay (ELISA) 13

useful for early diagnosis of all [orms of tuberculosis, Capture ELISA is a

quantitative rest thal detec

delects LAM in bath pulmonary and extra-pulmonary

quantitatively. In a feld Lo
specificity of 93% and 959,

£ LAM in urine samples. The Dipstick method
specimens serni-
AT, the Dipstick method had a schsitivity and

respectively.

= Gamma inlerferon assay: The 6 kDa ecarly secretory antigen TB (s

recognized by T-cells of patipnts of tuberculosis, but not by T-cells of the
BCG-vaccinated or the healthy unvaccinated individuals. The levels af
[FN-pamma increase in the peripheral blood in the treated, as comparead
ta Lhe untreated patients, I (he (ramma interferon H55aY, mononuglear
cells from the peripheral |blood are stimulated in vitro and ELISA
measures production of IFN-gamma fram  the sensitized T-cells. The
sensitivity of this assay was hot significantly differert in extra-pulmonary

and pulmonary cases {83% lvs. 74%), and smear-negative and -positive

e

cases (BO0% vs. T1%). The asbay is, therelove, interesting but not feasible

i smaller lnboratories and démands technical cRpertise.

o Approsches based on moledular Diclopy: In any molecular diagnostic

lechnigque, o specilic: scquenbe of muckeie acid in the clinical sample ja

Pape Yot 42




hybridized with a complen
detection of the hybrid, 1
specimen  are  amplified
hybridization. Any sequend

DMA polymerase, if the info

Targel scquences with diag

lentary sequence {probe]. This is followed by

he target sequences present in the clinical

using  suitably designed  primers  before

e of nuclelc acid can be amplified by using

fmation on that sequence is available.

nostic relevance: For diagnosing tuberculosis,

the target  sequences ing
anligens, or the dnaJ, gro
frequently used target seq
element that is present inr

tuberculosis complex.

Several amplificat
M. tuberculosis, inchuadin

polymerase chain reaction

luding genes cncoding the 32, 38 or 65 kDa
21, aor mib-4 genes are identified, The most
juence is the IS 986 or IS 6110 repetitive

nultiple copies (up to 20) in most strains of M.

P systems have been described for use with
strand displacement amplilication  [SDA),

(PCR) amplification, transcription-mediated

amplilication (TMA}, oliporjucleotide ligation amplification, and -bela

replicase amplification. The

the best developed systems

have been developed for M.

Polymerase chain reaction

hirst four of these amplification svstems are
(or mycobacteria. Species-specific SDA assays

uberculosis, M. avium, and M. Kansasii.

[PCR]: PCKE based on {4) conventional DNA

amplification, (b) nested PC
laboratories. POCR largets D
and varwus protein-encodi
used separate penc targels
Mot b

PLILPOSE. slrains

multiple copics of the insc

stran Licks this DNA fnserd

Fepazal (DR secuendee o

B, or [c] real time are available in reference
fHA, rRNA, Inserfion and repefitive elements,
g gones. Several Indian investigators have
like 38 kDa, TRC 4, and IS 1081 for this
anging to M. luberculosis  complex carry
tion clement 15 6110, However, an [Indian
e meguence. RELP patterns of A6-bp direct

] polymorpboe GO -rich repuelitive sequence

Papre 10 of 42
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[PGRS) are stable, which gre used for identifying the isolates. In general,

the PCR amplification process can be com pleted in 2-4 hrs after abtaining

the processed clinical sample. The detection assay requircs an additional

4-24 hrs, Since, the storage of the sputum samples on & filter paper for 3

days at room temperaturc reportedly has no apparent adverse cffect on

lhe performance of the negted PCR, clinical samples from the peripheral

facilities may also be subjeqted to PCR in a reference laboratory,

Transcription mediated asholificarion (TMA) test: TMA, an isothcrmal

target-based  amplification | system developed by Gen-Probe Ine. [San

Diego, CA), has been combined wirh a homagencous detection method o

detect. M. tuberculosis in |elinical specimens, This test [the Gen-Prohe

amplified M. tuberculosis |direct (est (MTI)) test] uses the sediments

prepared by the  standaid NALC/ NaOH

method  and  lyses  the

mycobacteria by sonication| Ribosomal RNA [rENA} is amplified via TMA

such that the rRNA torgel sequences are copied inte a lranscription

complex by using reverse transcriptase, and then RNA pulvmerase is used

lo make numerous RMA tpanscripls of the target sequence from the

transcription complex, The grocess is then repeated autocatalytically. The

amplitied sequences are derected by using wn acridinium ester-labeled

DNA probe specific for M| tuberculosis in a homogencous solution

hybridization assay formal similar to that used in the CGen-probe

Accuprobe species identificalion system. The lowest detection limit is 100

organisms. The method derfiands high lechnical skills and far from the

reach of peripheral health ceaters.

Ligase chain reaction (LORY- LCR, & variant of PCR, is potentially useful

[ screcnmg porsons al bagh sisk for developing tuberculosis and extra-

pulmaonary tubereulosis. A plir ol aliponucleotides is made to bind to one

al 1he DNA largel strands b that they are adjacent 0 cach other. A

soconied e of oliponucleo [des s tlesigned 1o hybridize to the same

Page [ ol™42
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regions on the complementary DNA, DNA polymerase Glls the PHps
between the primers witH suitable nucleotides, while ligase binds the
orimers. The LCR DMNA amplification method was recently developed ss a
commercial test for the ddlection of M. tuberculosis. The method has a
high sensitivity for borh smear-positive  (100%) and sMmear-nepaiive
semples, and is suitable for screening of M. tuberculosis in high-risk
patients. Because this medhod requires costly kits and experise, it will
take quite some time for |it to find widespread acceplance in routine

clinical laboratories,

L-beta replicase amplification: Q-Beta replicasce enzyme 15 used for
producing RNA in the am plification reaction at a fixed temperalure. When
A suilable combination of ca pture and detector probes is used, M.
tuberculosis is detected witl 5 sensitivity of up Lo one colony-forming unil

[efu).

-The LCX M. tuberculosis adsay (Abboth: This test primarily makes use of

the respiratory specimens. (It has a high sensitivity and specificity for
stear-positive and  -negatjve specimens.  Currently, the use of this

lechnigue s limited by its hi th cost and lack of skilled personnel.

- Branched DNA signal am ification: This assay involves construction of a

bifunctional olipnnucleatide probe that contains a sequence speciic for
the target  mycobacterial speeles,  An enzvme-modulaced signal
amplificalion syster increasts the scnsilivity of the assay. This assay can

theoretically deteet as few as|100-1000 orpanisms in a clinical specimen.

Peptide nucleic acid (PMA) assay : Peptide nucleic acid (FNA) 1z 2 DNA

replica in which the supar pfussphate backbone of DNA is replaced by »
polvamde baclhbone, PNA Probes hybridiese DNA or RNA with excellent

alliniiy, The sy of PNA prolaes Barpetoys M. tuberculosis and o

Pape 12 of 42




typical myeoshacteria is re

Allthough Zichl-Neelser

perinheral health centres, th

orted to e 98% and 574, respectively.

 test is being carred out on day to day basis in
¢ lest suffers from poaor sensitivity, Ahout 40—

&0% of patients with Pulmgnary discase and 759 of patients with extra

pulmonary digeage 80 undigenosed as this methad inherits the following

Hmilations: (i) a minimurm of

104 organisms/mL of SPUllm Is necessary, (ii)

It cannot differentiate Myedbacterium tuberculosis from the other non-

mathogenic and the saprophptic myeohacteria and (i) it cannot diagnose

pavcibacillary pulmanary and extra-pulmoenary tuberculosis,

The culture method is

fleemed the “pold standard” [or diagnosing

tuberculosis; however, it can |take up Lo 2-6 wecks, The process is lenglhy

and cumbersome, and requirds the use of asceptic laboratory conditions, for

mycobacterial eulture,

Chest radiography provided some clues, but the radiographic analysis is

oflen ambiguous and nat-very-specific for tuberculogis. Concomitant HIV

trifection may further vitiate the classical radiographic analysis of the lesions

I pulinonary 1y herculosis,

ollen prone to inter-observer

[riterpretation of the radiographic findings is

vEriaLion:s,

The Mountoux test suffers [rom inberenr set backs. A positive tubcroulin

LEst may suppest active tubertulosis, past infection, BCG vaccination, or

sensiization by ENVIromental mycobacteria, A negative resull in this test

Ty not necessarily exclude tulerculosis. .

Detection of tuberculostearid acid vields although specific and sensitive

diapnosis of luberculows menin

cerehrospinal Muid and EXPeNsiv

bis, o trined doctor is needed to draw the

Hles-chromatopraph.
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The gamma-interferon assyy, although used widely now a day, requires

the use of laboratory facilitibs 1o stimulate viable lymphocytes, and an

SNIVINE IUMMUNoassay to qupntifly 1FN-g and the test is not cost-effective

Loa,

With the BACTEC system, |the number of positive cultures may or may

not be higher than that obtaingd by conventional eulture on solid media. The

BACTEC system iy expensive, and the disposal of radicactive wasie

precludes its use in peripheral health centers.

The HPLC based diagnosis Hemaneds VELY expensive equipment and hish

depree of technical skills and islout of reach for rouline diapnosis,

The immunocdiagnostic tests based on antibody delection fails al times to

diagnose current infections. Cfoss-reaction by environmental mycobacteria

may produce false positive rdsults. The currently available methods for

purilying mycobacterial antigens are not reproducible and, therefore, the

results of anlibody detection aksays are variable in different scttings. It is

alsu unlikely that the immune systemns of all patients will recognize a single

mycobacterial antigen alike. There s apparently no deminant specific

antigen and most of the antibgdy response in the infected host iz directed

toward shared mycobacterial anfigens,

The enzyme linked immunoshrbent assays although sensitive suffer from

the requisite specificity, Mors over, fechnical expertise and expensive

cquipment are needed for the enfryme assays o be carred out.

Effectiveness of the PCR tech tigue indisgnosing tubereulosis is related to

fa) BNA concentration in the o) sample, (b} size of the targer DNA

sofquenee, (o) repetbivencss of e amplifice seauernoe dl cholee of primers,
[ J [ I 1 a

il o] experlise of the persolu conducting The assay. The tests arc
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currently expensive and confi

These tesls also demand hig

cquipment are necded, Thoup

not [easible in most of the cling
countries. Moreover, the PCR
aned Lhe dead AFB, which ma
smear ancd PCR results, Unddd
may be low, A guality control
that false positives rangod frd

control study, 56% out of

cd to relerence and established laboratories,
degree of technival expertise and eXpensive
available at research institutions, they are
cal laboratories, particularly in the developing

&5ls are unable to differentiate between viable

v lead to disagreement between the sputurm

T the [ield conditions, the specificity of PCR
study of seven laboratorics worldwide found
W #ero percent to ¥7%. In a second quality

30 participating laboratories reported false

positives ranging from 5% to miore than 50% of the spiked samples tested,

All DNA amplification based
and out of the reach of a
impossible 1o be carred out a
warld, The extra-pulmonary 4
generally diagnosed by histopas
inchude difficulty in obtaininhg

nan-specilic features,

Mone of the TB diagnostic (o
sensitivily and / or specificity
however, is based on antibe
differentiating imrnediate past

Kits based on immunological

methods demand ice-cold chainl

cosl effective, Morcover, almosl

demand expensive squipment a

of reach to Lhe cammon prublice.

The exishing dinpooste ess

methods such as are cumbersome, e:-:p:;ﬁs.ive
caommon  public. Moreover these Lests are
peripheral health laboratories in developing
nd disscminated forms of tuberculosis are
nology. The shortcomings of this method may

representative clinical samples without Lhe

st reported so far are rapid and lack desired
ut for TB screen test’. The TB screen test
ly detection which may likely to fail in
and current tuberculous infections. Al the
except for TB Screen test) or POR based
during transport and slorage and not at all
all the existing tests but for TB screen test

el high degree of lechnical expertise and our

e either poor o senstivity and time taking
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OF very expensive and out §f the rcach of a common man. More vver, the
peripheral health centers ok not equipped with the reguisice infrastructure
and technical expertise to CAFLY Qut enzyvine Immunoassays or PCR and other

DNA amplification basad tesis,

A digpnostic kit, invol ‘iIng the liposame basad antigen detection test
(TB/M Card test) developed| under the present invention, is Lhe simplest
diagnostic kit with desired ensitivity and specificity available so far for
lubercilosis, The test kir iz |suitable to screen various biological Auids as
discussed in pror ar and ix gualified  for diagnosis of active meningilis,
rulmenary and other pulihonary  tuberculosis subjects  in peripheral
laboratory selting and remale Arcas as well. The test is very sunple and
neither equipment nor specigl expertise is needed for conducting the  (est.
The resull is oblained within  five minutes and can be carmed  our
sbecessfully at peripheral health centers by paramedical siaff The diagnostic
reagenls kit can be lransported and stored at am bient Wwmperature and no
refriperation is required and [ig highly suitable for developing and under
developed  countrics. The tedhnology developed s highly cost effeclive
fmanufacturing cost less than| Rs. 10/-). The test ig proved highly specific

and sensitive than the currentl available commercial kits for tuberculosis;
OBJECTS OF INVENTION
The main objective of th present invention is to develop a diagnostic

kit, invalving liposomal apgeludination card test [or detection of glycolipid

anugen in paticnts with pulmonary and Ccxlra-pulmonary tuberculosis,
Another abjeclive of the Present invention ta provide a disgnostic kit

highly suitable Tor bse o pertpllerid bealth centers in developing and uncler

[hﬂ:vlu;]::r! worlel,
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Yel another obiective of
(< 5 minutes duration) and thi
Stll another objective o
lechnigue, and technology sh
diverse nature viz,, cerebrosp]

cxtracl could be screened.

Yer another objective
diagnostic process wherein n

needed either for conducting t

the present invention is 1o devise a most rapid

simplest test kit

f the present invention that the devcloped kit,
ould be such that the biological specimens of

nal [luid, Synovial fluid, serum, tisspe biopsy

of lhe presenl invention iz (o develop a

either equipment nor lechnical expertise is

e test or lor reading the result.

A Turther objection of the present invention is to develop s diagnostic

method  wherein no refrigeral

cither during transit or during
An additional object of
method with high specificity

rapid commercial kits for tuber

Yet another additional al

on of the diagnostic reagents [/ kit is needed

Lorage.

[he present invention o devise a disgnostic

pnd sensitivity than the currendy available

ulosis.

ject of the invenlion is develop a highly cost

elfective technology having a mamufacturi ng cost less rthan en Rupees.

The foregoing has outhi

ed some of the pertinent objectives of the

invention, These vbjectives shduld he constried o be merely illustrative of

some ol the more promincnt

invention, Maoy other benelic
dhsclosed invention in o diffores

A

e scope ol disclosure.

understanding of the iovention

[eatures and applicalions of the intended
l results can be obtained by applying the
fr manrer or modilfying the invention within
wordingly,  othoer arwch full

obijeclives a

el flie detanled descoiption of the preferred
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embodiment in addition to He scope of invention are o be defined by the

claims.

STATEMENT OF INVENTION

Accordingly the present invenion provides a diagnostic test kit, based
on Rapid Liposomat Agplutinalion (TB/M Card) Test, [or detecting meningial,
pulmonary and other exira pulmonary (uberculosis Comprising liposomal
antigen suspcnsion, N-hydrotwsuceinamide as working  rcapenl, plastic

slides, mixing stricks, negativeland positive control .

ERIEF DESCRIPTION OF THE DRAWINGS

Further objectives and advantages of this invention will be more
apparerd from the ensuing defeription when read in cerjunclion with the

accompanying drowings wherei

-
-

Fipurel: Bands 1 10 5 scratehed from the TLC plate used for [urther studies

Figure 2: Immunorcactivity of antigenic glycolipids cahraterised on a TLO
plate with a serum sample from a patient confirmed to have an
active case of TB with Lhe BACTEC 480 SyEEIM. Eastern block af
extracted and purified gljeolipid antigen of M tuberculesis and their reaction
with positive scrum: 4 Llmrmunoactivity of anliglycolipid antihodiez with
serologically pasitive scrl of patients wilh active pulmenary TE an o TLC plate:
A-20 Immuneoactivity aof ar tiplycolipid antibodies wirh srrologicelly positive sers
al paticnls with Extra-pilimonary TH on o TLO plate: B Liimmunoaciivity of
antiglycolipid antibodies {vith surelogically significant anligen with sera from
OCG vaccinated Human| for Cross recativity studies om oa TLO piatc: B
'.i:;lmr:anr:-an:-ti-.-ir_-r' ol anyelycolipid antibadies with seralogically  sipnificant
antigen with scra from BOG unvaccinated human for cross recitivity studies
o0 A TLC plale. Arrows lalicate rcective bands

Figure 3: Schematic represcofation of principles of TB antigen detection
[I'B/M ecard Lesd) Kilf Anocexwre - | - Desipning of liposomes and their
confugadion  with spevilicl antilodics, Anoesare - |f Priciple involved in
lipwasienmizl Applutination tegt T M Cord Tes
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While the Invention ig

described in conjunction with the Ulustrated

embodirnent, it is not intended to limit the invention to such embodiment.

On the COnrrary, it is intene

ed to cover zll alternatives, modifications and

cquivalents as may be includpe within the spirit and scope of the inventions

disclosure as defined by the ¢

Almn s,

DETAILED DESCRIPTION OF THE INVENTION

For the purpose of prorr

INVenion, reference is now

drawings and specific lang

nevertheless to be understooc

ofing an understanding of the principles of the
be made to the embodiment illustres in (he
fage 18 uscd lo describe the same, It is

that no limitations of the stape of invention is

herchy intended, such alters tigns and further medifications in the lhastrated

bag and such further applic

ustraced therein being con

ftions of the principals of the Invention as

emplated as would normally occur to one

skilled in the ar ta which the ifivention relates.

In the current invention,| an antigen based diagnostic test ermploving

polyclonal  antibodies raised| against  specific glycolipid  antigens  of

Mycobacterium tuberculosis hs Leen develuped in the laboratory by the

Ve Lors., Affinity  purified r4bbic anti-glycolipid  antibodies (lgG) were

coupled to liposame particles| (0.2-0.4 um) in presence of  L-Bthyl-3-[3-

fiinlﬂ[h}fia—:mir‘:upmpyij carbodilmide  hydrochlaride and N—hj.-fdrc:xy:;ucc-

Inamice, Following incubation (for 1-2 minutes) with tuberenlous diagnostic

specimen (any biological luid)| on a glass slide, the antibody-conjugated

liposomes form o visible cdark| blue agplutination (chumping) within 2-4

minutes if M. muberculosis ANTIEYNsS are present in Lhe dizgnostic specimen.

The description of (e inyention is detailed under |he following two

subebicacds vie
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Al M ethodolopy  ada pled

B} Results abtained
Al Methc:du_.'ug;adnmed:

A} Culturing of My

The culturing of . iy be
the Central JALMA Institute
Aura,
The hacterial culture was han
al H'C, and rhe pellet was wy
huffered saline {FBS; pH 7.2,
1 ml of TEN buffer (pH &.0);
heat inactivated at BO"C (wale

Pulse, 150 W) and Iyaphi

r

lized.

AL2) Extraction and isolati

e e nl

Luberculosis,

The lvophilized mycobae

feagent bottle, and 100 m] of i

o il This mixtyre was slirred |

through What man no. 1 lilter

wis added to the fillrate, and ¢

SUSpension was transferred Lix 2

overnight until twe distingt |

was washed witlh | /5 voluee

watler, 3aR:47) g deseribed b

The upper HLeaUs. phase wis

velaaeites] cafte liltraaticon. The

India was done an g Lcrra;enswin-Jansen

fhed by resuspension in [O0 mi
"nally, the bacterial pollet w
O mid Tris H(,

aye

Lir

At

cobacterium fubercnlosis
—=lenum tuberculosis

reulosis H37Ry [ATCC 27294) ubilained [rom

lor Leprosy and other Mycobacterial diseases,

agar slant (2 x 109 CILU/ mi),

rested by centrifugaiion (10,000 x o for 20 niin|

of phosphate-
a5 resuspended in
T mM EDTA, 100 mM NaC),

bathj for 45 min, and then son lcated [159

af lipid _antizen|s) from Mycobacterium

—

erial powder (= 2] was placed inm a glass

hloroform-methangl mixlure (2;1) way added
‘bromn temperature for 60 mig and fltered
PAper. A 1/5 volume of 0.7% KCI (20.0 mi)
E mixture was shaken Ave tg six times, The
separation funnel and wepl at 2 1o 8°C for
| Were separated. The lpwer orpane phase
of washing solven (chlerotorm-methanol-
e by Keeping it gl 9 g 8 Tor avernighl,

nernoved, and e fowe e phase was

et e wos o i Liy tvaparaling the
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solvent in a rolary solvent eva

Rushing the dried mixture wi
from the dried mixture by acile
was vortexed for 10 min and
paper. This step was repeated

colorless, The contents of the

poraror at 40°C. The moisture was removed by

th nitrogen gas. Neutral lipids were rermoved

ng 50 ml of chilled acetone while the mixture

then filtered through What man no. 1 Glter

until the lipids in the flask became whitish or

flask wers filtered through What man no. 1

filter paper, and the filtrate was discarded. The lipids present on the filter

paper were dissolved with ch
round-bottom flask. The solv
under reduced pressure at 40¢

L0 ml of chloroform-methanol |

A.3) Purification of lipid antige

oroform-methanel (2:1) and transferred to 2
il was evaporated on a rotary cvaporalor
2. The crude preparation was reconstitured in

2:1) and stored at -20°C for further use,

fifs] of M. tuberculosis,

Silica gel H activated ar
inta & glass column (2.5 by
quantity of crude material (1.0
lhe cohummn. The column )
chromatographic jar (4.5 by 25
at 25:2

temperature until the solvent

phase] a ratio of

column was remmoved from thd

hood to evaporate the solven

fraclion was carcfully scrapped

rmiclecules that were adsorbed
and retardation factor (R value
3.4, 58.3, 67.2, and 72.4%)

lractions wire collected and p

woere labeled wirh (he FespHeclive

solvent {mixlure of ohiloroform

sl thae test tubes were ket o

LIO"C for 1 h (in & hot-air oven) was packed

H) cm) with manual lapping, and a known

pf2 ml of stock) was loaded on cither side of
as run in an ascending direction in A
cm) with purification solvent (150 ml: mobile

<

14 (chloroformmethanocl-water) and  room
rcached the other cnd of the caolumn. The
chromalographic jar and placed in a fume
fram the column. A l-cm length of ecach
with a clean rod to separale the individual
vilth the silica gel, depending on the maobilicy
{percent mobilities of the five fractions, 46.6,
of the individusl molecule, The individial
aced inlo clean dry glass test tubes, which
Iraction number. Ten milliliters of extraction

nelhanel [2: 1)) was added o cach rest tube,

| ravee teanperature for 30 mun. The pruaeity al
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the eluted marteriul was ana vzed by TLC, and the selected fractions were

further Altered through Whattman no. 1 filter PAPET tO remove the silica gel

from the samples. The pure llractions were pooled and run on preparative

TLC plates to reconfirm the Rf value. After extensive sludy, the individual

bands were scratched from the TLC plate, the silica gel was removed and the

samples were analyzed by iqipid chromatography with & mass spectrometer,

The pure fractions were pooled and used (Fig.1).

A4} Dantization of glveolipids |

solated lrom M, tuberculosis

The glycolipid moieties present in the samples were quantized by

stalning with the periodate-Schill reagent for the detection of phosphatidates

and glycolipids. The presencel of glyeolipids in these samples was further

confirmed by alpha-naphthel staining for glycolipids. These samples were

analyzed in detail by TLC and| stained with vapor from lodine erystals in a

dry, humidity-lree chromatography staining chamber. The glycolipid sample

(0.1 ml) was dried in a elean glpss lest mibe, and 2 ml of oreinol solution (3-

methylresorcinol; 2 me/ml of Tow [vol/vel] sulfuric acid) was added 10 the

sample. The reaction mixture vas heated at 80°C for 20 min, and after it

cooled, the absorbance ar 505 m of the calar that developed was measured.

The amounts of sugar moieties present in Lhe glycolipids were caloulated by

Nsing a glucose calibration cury

A.3) Characierizalion of glycolipld antisen(s).

(A Immunastaining on TLE plales:

The  Immunogenicity of 5

Immunostining on TLE ity

sluminum sheet: Muerck, [hirm-

daned activaded o 1 IOTC for [CF ¢

yoolipel  anbpens was characterized by

The TLC plates (silica gel 11250 on ol

Lo, Ciernuny] were cul Lo 25 by 6.5 cm

it The plines woere tleen out and Rept ar
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reom temperature (with the afoid

1O em from either end, and
samples were run in the de
containing 5 ml of purification
mixture of chloroform-methan

the other end. The TLO plat

lance of moisture], a pencil dot was made

20 pl samples were gradually loaded. The

scending direction in a chromatographic jar
solvent (for glycolipids), which consisted of a
pl-water (65:25:4), and the solvent was run to

b5 were carelully remaoved from the jar with

forceps and were kepl over ar:;]fntring sheet at roum temperature so that they
ir

could dry. Berum samples

dituted 1:20 (0.2 ml of serum
seruim sample was poured into
in the serum sample without s
plate was rapidly washed owic
0.1% Tween 20), followed by in
human immunoglobulin G
(Calbiochern, La Jolla, Calill) d
TLC plate was again washed
Sigma, St. Louis, Mo.) solution

aminomethane hydrachloride |

m paticnts with clinically confirmed TE were
and 3.8 ml of PBS [pH 7.2]), and the diluted
# clean petri plate. The TLC plate was dipped
haking and was kept at 37°C for 1 h. The TLC
{withoutl shaking) with wash buffer (PES and
cubation at 37°C for 30 min with rabbit anti-
lgly) conjugated with peroxidase CAZYIMes
luted o a final concentration of 1:5,000. The

and developed with diaminebenzidine (DADR:

(0.1% DAB in 100 mM Tris {hydroxymelhyl)

aH 8.0], 100 mM NiCl2, 0.006% H202). The

reaction was slopped by washiing the TLC plates with distilled water, The

compound reacted with Bf valugs (16.6, 53.4, 58.3, 67.2, and T2.4]) similar Lo

those described above (Fig, 2)

(Bl ELISA:

Polystyrene  98-well  mid
Denmark] were coated with |
hexanc) per well were dried
polyvinylpyreolidone [PVE i
for 3 h. The plates were wasl
200 lor | min &l room temperat

I ntution builer (PES, 1.0% VI

ratiter  plates  (Maxisorp;

Nune, Roskilde,
Wopl of antigen solution (1.0 pg/ml in n-
wernight al 37°C and blocked with 1.0%,

iy, Mumbai, India) in PBS (pH 7.5) at 37°C

i owilh wash solution [PERS and 0.1% Tween

wes and dricd vnder vacuum i a desiceator,
U Twern 200 pkl 7U5)) and 10 pl of a
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serum sample from a patient fvith clinically confirmed TB were added o cach
well, and the plates were indubared ar 37°C for 30 min. The plates were
washed five times for 5 min ¢ach time with wash buffer (PB3, 0.5 M NaCl,
0.1% Tween 20). Goat anti-human  IgG conjugated to peroxidase
(Calbiochem) was diluted at matio of 1:530,000 in dilution buffer {PBS, 0.1%
Tween 20, 1.0% PVP), 100 ul gf this mixture was added to each well, and the
plates were incubared ar 3740 [or 30 min. After the plate was washed as
described above, 10001 of telrpmethylbenzidene (1.0% in dimethyl sulfoxide
[Sigma]) was prepared in subsicate Buller {vitrate phosphate buffer, 0.006%
H202 IpH 5.0]) and added to kach well. The plates were incubated at roam
temperature for 15 min in the dark, The reaction was stopped with 201l of
stop solution (2.5N,H2504), ahd the absorbance at 450 nm was measured

with & microtiter plate reader {Pynatech, UTSA).

M8} Pelvclonal antibodies aganst plveolipid antisens of M. tuberculos|s

Aller characterization of {he antigens, a cocktail of Clycolipid antigens
from M. tuberculosis H37Rv ATCC-27294) were injected into two young
rabbits subcutancously (200ug/ Rabbit; 250upl-1FA, 230p1-10mM, PBS, pH
7.2) and polyclonal antibodices were generated. The lgG o from the antiserum
was purilicd by protein A sephhrose CL-4B affinity column chromatopraphy
[Amersham Pharmaeia Biotech| Sweden), and used for the development of

Ihe present invention.

A7) Preparation of activaied Lpsoimes

Fhosphalidy!  Choline 90mg,  cholesteral  10my; Phosphatidy]
cthanolamine  100mg (Sigma] o dyc (100 ul; 1% Sudan black B in
chloroform) were mixed in o o of 9:1:10 in i pre-dricd round-bottom
lasle, in which 10 ml af dlecthyl Jiher e 10Ol ol Phosphate butfer [150mM;
PH 7.2 was odded wihile perdle vortexing followed by sonication (MEE,
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England) for 60 seconds. The

liposome vesicles were formed by slowly

removing the diethyl ether Under reduced pressure al 35° C followed by

centrifugation at 10,000 for| 10 minutes at 4°C, resuspended in 10 ml of

phosphate buffer (L0mM, pf

7.2) and stored at 4°C. To this, 15 ml

[Z.5mg/ml] of I-Ethyl-3- (3-dimethylamin  opropyl) " carbodiimide

hydrachloride (EDC, Sigma) if phosphate bufler (150mM, pH 5] was gently

acded while vortexing, The lposome solution was Hept on an end-to-end

rolary shaker at 4° C for 120|minutes for activation, followed by addition of

A0 micromoles N-hvdroxysuckhinamide (NH3) and reaction was allowed to

continue for another 120 minlat 4° C to promote the coupling efficiency (Fig

~3-Annex [),

AB) Preparation of liposome — hintibady conjugates

Alfinity purified rabbit apli-glycolipid l2Gi (1mg) was tenderly added to

10 ml activated liposome solution and pH was adjusted to & by addition of

NaCOH (100mM) and incubated at 4* C for 16 hours, The cntire method was

optimized and standardized uging variable concentrations of protein to be

conjugated. The repraoducibiligy

coupling efficacy was analyzed.

of lhe preparation of lipusomes and their

No major varation, however, (£2%) in the

coupling of protein with lipokomes was observed when the presence of

profein in washing solution was estimated The lippsome suspension was

dialyzed against distilled water|ar 4° C for 8 hours [ollowead by centriflugation

at 12,000z for 10 minutes ar 4°

C. Resulling pellet was washed thrice with

Phosphate buffer (10mM; pH 7.2), re-suspended in 10ml of RP-2 buffor
(MaH2PO4 10 mM, KH2FPO4 10mM, EDTA LOmM, Choline Chloride 10% and

Thiemersol 0.1%, pH 7) and eventually 10.0 ml of liposomal suspension

(working reagent of test) was m spared and stored at 2-8° C ([Fig 3]
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A9} Screening of biological

fluids by liposomal agglutination assav for

detection of M,

———

tuberculy

The culture filtrate of hda

in phosphate buffer saline (F]
healthy subjects were used as

Several hundreds of big
TH Hoespital (Group, 111 8alll), |
Center {Group, V-A), Chhatray
(V-B) and Gandhi Medical Ch
cansents were oblained from
patients and from patients/ vl
Clinical diagnosis of the patic
chest radiography, sputum mid
of tuberculin skin test, folloy
BACTEC-460 methods, All sab
proper guidance and refrigerat
patients. Tissue biopsy SRECIT
(LGmbM, pH 7.2), centrifuged at

stored at 2-58°C nr further usdk

Cerebrospinal  Muids, sera o
Luberculosis subjects were used
from the healthy individuals =
patients with diseascs olher i

specificity of the TD/M card 1es

Falal

psis antigen

t-inactivated sonicated M. tuberculosis strain

B8, 1S0mM, 0.01%, NaN3, 0.1% BSA pH 7.2)
served as positive control whereas 1% BSA in PES or

scrim of normal

egalive control,

logical samples (Table-2) were callected [rom
lamidia Hospital [Group, 1V), Cancer Research

ati Shivaji maharajo hospital Kalwa, Murnbi

lege (Group, 1-VA), Bhopal, lndia. Written

the Ethics Cominittee regarding selection of

unteers before enrolling them in the study.

s was based on history, signs, SYIPTOs,

froscopy, histological findings, and/or resulls

ed by further confirmation with PCR and

nples were collected and processed vnder

pil 10 caded orm with detailed tistory of the

tns wele sliced, homogenized (w/v) in PDS
1,000g for 30 minules and supernatant was
i which 0.01% sodium azide wuas added.
lissuc  wopsy  samples  from  active
[or investigation of sensilivity, whereas, sera
C vaccinared and non-vaccinated) or from

n tubcreulosis were used for investigarion of
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Table 2: Details of different g

VATIGIS SOUrces and

status of their medications

roups of subjects included in the study from

I-H:h'u Oroap 3 == Wa. ul ey
FJ- A = Aclier TUM groon K TR
i Culivzrove M Snmma 1 e T
(] Culturevse/Smear e 121
| M Culture-ve dRovenr bop s
| [iwf Endrgre <= Singar Joe 1
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The sensitivity | and gpecificity  of the test was  determined in
comparison with the results df the culture and smear analysis of the same
subjeces, including patitnt’s history, clinical manifesiations,
hislopathological examinatio » PCR, BACTEC 460, and status of drug
administration.  For | the calculating  sensitivity  ang specificily,
‘indeterminate” samples  wefe ot included and were considered as

"negative’ Lest resulrs,

The test reapents 1

(lip
controls) were stored al 4 80
sludy, Shell life of the rest

cxirapolated with real-tirme os o

B3) Resales obtained

3. 1) Misualization of liposomal

somal - suspension, positive and Legalive

real-time} and 37°C [accelerated) for stability

reagents was found tw be one year when

ell as seceleraled stability sludy,

selutination on glass slide or test card

The presence of wlycoli
indicated by a dark blue agelu
card which is visible ta (he
considered  as “posilive” ek |
minite the clumps APPCHT Sma
Decorme Lrger. Maximum clump

melicales nepative”  resule o

id antigen in the biological spocimens . is
ination (clumpingl on Lthe Blass slide / tes
naked ove. The presence of agelutination
2 tubercolosis  infection. During the first

a
5

[ bl with the progress of lme the clumps
g s abserved willin 4-5 min, Mo clumping

vithichante thee strengeh af sgelulination and
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reproducibility,  technical a

wd non-technical  personnel  confirmed  the

readings of TB/M card test and no major variations (£5%) were observed.

B.2] Diagnosis of extra-pulg

nonary tuberculous meningitis by detecting

glveolipid antisens emnpl

bying liposomal asghatination rest

The ability of TB/M car
determined by screening of a

uberculous meningitis patien

cullure positive and smears T

Snedar nepgative, 87.5% with (o
4.2 % with (n=18) cullure a
95.3% (335/348} sensitivity

meningitis. Specimens (n=280)

but other CNS disorders [septic

“control” samplea. Qut of 80

positive, and one showed ambi

i test to diagnose tuberculous meningitis was
oul 348 CSF samples (Table 3A) from active
5. LO0O% sensitivity was achicved with (n=184)
psitive, 95.2% with (n=120} culture nasitive-
=28) culture negative-smear positive whereas
d smear negative subjects. Thus, eventually
was achieved In subjects with tuberculous
from non-tuberculous meningitis {Table 28]
and aseplic meningitis] were enrolled as
control samples 74 were negative, 5 [alse

guily (75/80) with 94, 1% specificity.

HC T RTTT] [Rpers e ovef Mgt sl bind oo e
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Table 3:  Elficacy of liposomal agglutination test or TB/ M card rtest in
deteeting extra-pulatonary raberculosis
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B.3) Diagnosis of pulmonary|tuberculosis by delecting glveolipid antizens

cmploving liposomal aggiutination test

The data presented in fhe Table 44 comprises 284 frank pulmonary
tuberculesis patients, divided jnto four subcatepories, which are, {i) children
(10-13 vears, n=50) {ii) adults (24-45 Years, n=50} (111) adulls co-irdecred with
HIV and tuberculosis [n=98)| and (iv) Multi-drug resistant cases (n=86).
Samples [rom children exhibitéd 06,1% sensitivily, whereas adults exhihited
8% sensitivity. Interestingly, samples Irom the latter two sub-groups; HIV-
TB co-infected {97/98 with onk false negative) and MDR cases {85/86 with
unc indiseriminate} showed abhbut 99% of sensitivity. Final sensitivicy of the

TE/M card test in pulmonary t{iberculosis was 98,20

B.4) Tissue biopsy cxtracts and serum samples from patients with cxEra-

rulmonary wuberculosis

Atlempts were made to gvaluate (he compatibility of the TE/M card
fest on specimens (n=90) from| Patients with extra-pulmonary tuberculosis
[Table-4B). These patients werd divided in to twa sub-categories: Patdents in
the a' sub-catepory (n=72) werd: subjected lo tissue blopsy specimen, which
were taken gither from lymph dode (n—10) or from abdomen {11-32). The tesc
wilh the lymph node specimen showed 100% sensitivily {(10/40), whereas the
abdomen sub-category showed 96.9%, (31732 with one “indeterminate”)
sensilivity. Patients in the b’ sib-category were cither suffering from borne-
joint tubcreulosis (n=8) ar pleurisy (n=10). Though the number of patients
was relatively small, the trenfl was largely the same with 100% (3/8)
sensitivity in bone-joinl and 9] o9, sensilvity in pleurisy TB patients with
frnal sensitivity 97.8% in extra uimonary tuberculosts subjects, Pleural aned
synovial fluid could be | ased s spocimens lor pleucisy and other joinl
el I,
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Table 4: Efficacy of lipusnrzlad agglutination test or TB/M card test in

diagnosing pulmon

ry and other extra-pulmonary tuberculosis,

Healthy individuals and patient
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b with disesses other than tuberculosis

samples, 447 were found negati

IL s evident from the datd in the Table 5, out of 474 non-tuberculosis

samples pave indiscriminate
TE/M  card
mformation of BCG vaceinglion

trasitencd coreed M. tubercolosis

Lest  agains

SUCTL

it Lo g s

ve and 14 were false positive. In addition, 132
psulls with 96.6% accuracy. Specificioy of
n -from normal  healthy subject wich no
showed TOD% (=50}, aod ~serum from drug

showel W6 Y% (=47, ol these 2
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found false positive and ong indiscriminate). Moreover, serum from BCG
vaccinated (M=38} and non-yaccinated (n=735) healthy individnals showed
(37/58 and 74/ 73] =989 specificity.

Samples fram other infectious group [non-tuberculous respiratory and
non-respiratory disease) witH TR /M card lest exhibited Promising results.
samples from patients suffaring with lhing cancer (n=16) and bronchial
asthma (n=12) showed 100 specificity, whereas those suffcring from -
pulmonary fibrasis showed 93,304 {n=14}, -bacterial pPricumonia 94, 1%
(n=48), -bronchitis 92 39 (m=]2, -pulmonary aspergillosis 909, (n=9), and -
thmmon  cold 88.2% (n-19.The individual  who  suffered  from olher
mycobacterial diseases (n=14&), hepatitis B/C (n=21) and malans (n=23)
showed 100% specilicity, whigh strenglhens impetuosity of the TR /M card
tesl. HiV-infected burt not TR ndividuals (n=35) and those with rheumatoid
arthritis (n=20) exhibited 97 2% and 95.2% specilicity, respectively, each
with one false positive resulr The linal specificity in palients with 1on-
Lberculous respiratory and ndn- respiratury discases was 94.0% and 98, 2%,

respectively (Table-5). The surlace glycolipid antigens af M. tubercuiosis in
the samples reacled with TBAM card test reagent, agelutinated within 4
minules, clearly differentialed between patients with active tuberculosis,
those with previous vaccination|(BCG), and healthy subjects. Taken together,
it may be concluded that the [TB/M card test possesses a high degree of
specificity,

Table 5: Evaluation of liposomdl agelutination test or TBE/M card test for it's
specificity em Ploying| serum samples of normal healthy control
subjects (Non-T8 gro 1p), respiratory and naon- respiratury discase

{:"'-.'nn TE group).

| M i il waiates dmul| in -.l T [ AL IR 113
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Analvtical sensitivity and Cross reactivity with other non-mveobacterium and

mycabacterial species:

The unalytical sensitivity

purified glycolipid antigen, witH

of the TE/M card test was determined with

whole cell lysate and the culture fltrate of a

3-week-ald eulture of M. tuberfulosis after quantifiication. The test detected

as low as 1ng of purified glycolipid /il {Table-g),

Table 6: Determinalion of Agalylical sensilivity with purified wlycolipid

anbigens and  culy

Ll reniosis

| 51 a Piiitany of usilinl [ TTHEEE R L TREV R
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[lerietes

ol sonicated  strains of M

: e ]
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The cross reactivity of ¢l

with other lab strains and o iffep

observed with other mycobacte

Table ¥: Cross reactivity stud

non-Mycobacternial a

e otine St aia] 1l tatas | irvarcaie o A ree wllar 4 n.-_.u-. b 2y hetrmioon panara o Ledicaim]

e liposomal agelutination test was examined
rent clinical isolates. No cross reactivity was

rial and non-mycobacterial species (Table-7).

r of TB/M card test with culture filtrates of

d Mycobacterial sonicated strains.
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In a nutshell, antigen basgd liposomal agglutination test ar TE/M card

test 1s an cffective and rapid t

pol for diagnosing patients with tubereulous

meningitis, pulmonary, extra-pulmonary, MDR tuberculosis. The test can

stive as a tool for monitoring th

based liposomal agglutination

agalutination
diagnostic test is portable at
sophislicated infrastriacture or

infection.

The lest has been develop
aloimternal and external abora

and specilicily with several hu

test with ::n::nrml}us sensilivity, specilicity, simplicity.

e efficacy of chemotherapy. Thus the antigen
test is the first antigen based liposomal
The

mbient emperature and does not require

trehnical skill for diagnosing the tuberculosis

ed, standardized, established and evaluared
wy scthings lor determination of sensilivily

dreds of varions biological specimens. The
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stability of diagnostic reagents al different temperature has [(Storage temp;4-
8°C,room temp 25-30°C,and hiccelerated temp 37/45°C) also been done for
establishment of product self life

All documents cited in the description are incorporated herein by
reference. The present inventid it 15 not intended to be limited in scope by the
specilic embodiments and cxamples which are intended as Hlustration of a
number of aspects of the scobe of this invention. Those skilled in art will
know or to he able to ascertain using no more than routine experimentations
many equivalents to (he spedific embodiments of the invention described

herein,

It is to be further notdd that present invention is susceptible to
mudifications, adaprations anc changes by those skilled in the art. Such
variant embodiments employing the concepts and features of this invention
are intended to be within the sqope of the present invention which is [urther

set forth under the following clajms:
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We Claim

A diagnostic test kit, bhsed on Rapid Liposomal Agglutination (TB/M
Card] Test, for deteeting meningial, pulmonary and other extra
pulmonary tubereulosis comprising liposomal antigen suspcnsion, N-
hydroxysuccinamide as working reagent, plastic slides, mixing stricks,

negalive and positive cdntral |

A kit as claimed in claim 1, wherein said liposomal antigen suspension
15 rabbit anti-glycolipid lantibodics (IzG3) coupled to liposome particles
(0.2-0.4prm) in the prlesence of l—cf‘.hj,.?l—.3—{3~dirntl:l't}-'htminclprup}?l]

carbodiimide hydrochloride,

A kit as claimed in claim land claim <, wherein said liposomal antigen

suspension was prepared by;

{a} mixing Phaosphatidyl:holine (75-125mg), Cholesterol (10-25my],
Phosphatidyl ethanglamine{100-150mg), and dye (50-150ul;2%,

Sudan blue in chloroform) in a pre-dried round-bottom Nask:

(b} adding 10-20 ml of diethyl ether and 10-20 ml of phosphate buifer
(130-200 mM, pil 7 2-7.3) during gentle vortexing, followed by

sonication for 60-120 seconds;

(c] removing slowly the diethyl ether under reduced pressure at 35-
10°C followed by centrifipation at 10,000-12,000 g for 10 -20min
at 4°-8¢;

() re-suspended in 10-20) m) of phosphate buller {10-25 m, pH 7.2-
i
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[eladding  gently 1

dimethylaminopropyl

L

Phosphate buffer (150

(f) rotating the liposome

achivation, followed

hydroxysuccinamide {NHS) to promole the coupling efficacy:

(#) allowing reaction to cd

(h] adding gently affinity

1-20 ml activated i
{i} adjusting the pH to
incubated at 4°C fo

() dailysing the liposome
[or 8-10 hours, follows
10-20 min.;

[k} washing the resulting
7.2-7.5), resuspended
mM, KH2PO49, 10-25

1

15% and thiomersol

lippsomal suspension

card test,

A kit as claimed in elajim
using % BSA in PBS{15

MalMa

=

ml (2.5

carbodiimide

mg/ml}  of
hydrochloride

1-200 mM, pH 5-6) while vortexing;

l-ethyl-3-(3-

(EDC]  in

solution at 4°-8°C for up to 120-180 min far

by the addition of 320-50

_mol  N-

ntinue for another 120-180 min. 4

purified rabbit anti-glycolipid [gG (1-53 my) to

osome solution:

8-85.5 by the addition of NaOH (100 mM) and

C 16-18 hours;

Buspension against distilled water ar 4°-8o¢

ed by centrifugation at 10,000-12 000 g for

pellet three times with PBS (10 -25mM, pH

n 10-25 ml of BRP-2 buffer (NaH2PO4 10-25

mM, EDTA 10-25 mM, choline chloride 10-

1%, pH 7) to obtain the final 10-25 ml of

0 be used as working reagent for the TB/M

. whereln said nepalive control is prepared

0-200 mM, pH 7.2-7.5) containing 0.01%
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A kit as claimed in claim 1. wherein sald positive contral is prepared
from the culture filtrace pof heat-inactivated sonicated M. tuberculosis
strain H37Rv in PES (150-200 miM, pH 7.2-7.5) containing 0.01%
MNaN3 and 0.1% bovine sérum albumin (B54).

A kit as claimed in clain] 1, wherein the said test card is preferably a
disposable plastic slides,

A kit as claimed in olai 1. wherein, Tissue Diopsy extract, serum,
cerebrospinal flaid {{ZSF},E;nmfial fluid (8F),and pleural fluid (PF) could
be used as specimen for lesting, depending upon the availability and
feasibility.

A methed for testing of indlividuals using either specimen as claimed in
proceeding claims, for detpeling mycobacterial glycolipid antigen using
the kit comprising positive control, negative conttrol and samples to be
tested by adding (25 20ul)|in the circular zone of hydrophobic material
coated plaslic slides: evertly spreading aver the circular zone having
liposomal antigen suspengion [25-50ul); manually rotating slides (25-
S0rpm/ min.); clumping on the test card in case of positive control and
test samples containing uf:live fuberculosis infection abserved within
43 minutes in a form of dhrk blue agelutination, rated as l4ve - d4ye
cepending on the rate of infection and presence of mycobacterial

glycolipid antipen in the saln ples.

A kit as claimed in proceeding claims, wherein said antl-mycobacterial
glycolipid antibodies were preparcd aller culturing of Mycobacterium
tuberculosis H37Ry (ATC(-27294) strain on Sautons media and or
Middle brook 7HO or 7HE2B brath supplemented with 10% ADC
[albumin dexirose and cats lase] al 37 C il late log phase following
e heal iractivation ol 75-Boee I water bath [or 45-50) minutes, and

i resulling coclkiail of plyedlipid sottigens from M. tuberculosis H37Rv
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10,

1.

12.

Dated

(ATCL-27294) was cxtricred, purified

rabbils were immunizd
incormplete Freund’s ad)
buffer solution [PBS]
polyclonal antibadies (ra
CL-48 affinity column

and characterized, two VoL

d  subcutancously (200 ug/rabbit; 250 ul
uvant [IFA}, 250 pl -10-25 mM, phosphate
pH  7.2-7.5] with the above antigen, and
phit IzG) were purified by protein A sepharose

chromatography followed by characterization,

and used for the developiment of the TB /M card test,

The process as claimed i

NaHzP0: 2H20, KHaPO., |

The process as claimed
oblained from rabbits
(Rabibit 12G) were purifi
cohumn chromatography
liposome and used for
{TB,-'_’]'-J Card test)

patients with active tuber

Test

Conbain

td by protein A sepharose

i1 claim 1, wherein the said buffer COMprises

CDTA, chaoline chloride and thismersal,

in proceeding claims, wherein the serm
mycobacterial glycolipid antibodies
CL-4G affinity
which were coupled on the surface of

evelupment of Liposomal agslutination card

for detection of mycobacterial anligens in

Fulosis or development of ELISA and or rapid

chromatography test for tiberculosis,

The process based on TE/
[or detection of mycobag
active

tuberculous men

tiberculosis suitable for ¢

suspected with active fbe

this 291h

M card test as claimed in proceeding claims,

reerial glycolipid antigens in patients with

ingitis, pulmonary and cxtra-pulmonary
i serodiagnosis-in a human and or animals

rculosis infection,

2012

-~
[“J‘.“ T jr_ 5

(C M Caind)
OF L5, Davar & Co.,
APPLICANT'S AGENT.

day of May,
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ISTRACT

“A Diagnostic Kit, based on ijid Liposomal Agglutination (TB/M Card

Test, for Detection of Antigen

Tuberclosis™

The invention relates e

Liposomal  Agglutination (TB/M

in Patients with Meningial Pulmory

a disgnostic test kit, based on Rapid

Card) Test, for detecting meningial,

pulmonary and other extra Pulmonary Luberculosis comprising liposonal

antigen suspension, N-hydroxysuccinamide as warking  reagent, plastic

slides, mixing stricks, negative and positive control,
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Fig. 1 Bands 1 to 5 were scratched from the TLE.

11 111

Fig. 2 Immunoreactivity of antigenic glycolipids characterized on a TLC plate.
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Fig. 3 Schematic representation of principlé of TB antigen detection (TESM card test) kit
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